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ABSTRACT 


The triangular highland known as the Llano de Albuquerque lies in Bernalillo and 
Valencia counties, New Mexico, between the Rio Grande and the Rio Puerco. West 
ward it breaks off in a low escarpment called the Ceja del Rio Puerco, which in part 
forms the western boundary of the Basin and Range Province. The northern 30 miles 
of the Ceja is a fault-line scarp which marks a series of nearly north-south en echelon 
faults between the late Tertiary Santa Fe formation and the older rocks of the Plateau 
Province. 

Part I.—The Santa Fe consists of fine-grained, alluvial fan deposits. Part of the 
material was derived from areas of volcanic rocks, but the major portion of it came 
from the sedimentary rocks of the Plateau Province te the northwest. The boundary 
of the basin of deposition lay some 10 miles or more northwestward. Ten miles east of 
this area the Santa Fe consists of river gravel, indicating that the fan deposits were 
laid down in the western portion of a basin containing a through-flowing river com- 
parable to the present Rio Grande. 

Four main faults or fault zones, successively offset to the west, separate the Santa 
Fe from the older rocks. In addition, there are three fault zones within the Santa Fe. 
Because the Santa Fe is here divisible into three lithologic units, Lower Gray, Middle 
Red, and Upper Buff members, it has been possible to estimate the minimum throw of 
these faults and to speculate on the amount of depression of the basin as a result of 
this faulting. 
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STRATIGRAPHY 


INTRODUCTION 


The escarpment called the Ceja del Rio Puerco forms the western 


edge of a high, smooth plain 















the Llano de Albuquerque, which lies 


between the terraced valley 
of the Rio Grande and the 
somewhat complex valley of 
the tributary Rio Puerco. 
The Llano is a long, triangu- 

cut off from the 
Mountains to the 
north by the valleys of Jemez 
Creek and its tributary, the 
Ber- 
nalillo and Valencia counties 
New 


Bounded on all sides by ero- 


lar area 
Jemez 


Rio Salado. It lies in 


in central Mexico. 
sional slopes, this solitary, 
uninhabited, but grassy plain 
partakes of the plateau char- 


Pla- 


acter of the Colorado 








teau 


Province to the west, 
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Fic. 1.—Index map showing position of the 


area and relation of Rio Grande depression 


to physiographic provinces (major boundaries 


after Fenneman). 


yet, as will be shown here- 
after, belongs on structural 
and geomorphic grounds in 
the Basin and Range Prov- 
ince to the east. Since the 
Llano also lies just south of 
the Jemez Mountains, which 


form the western prong of the Southern Rocky Mountains, its ge- 


ologic and geomorphic features bear on the differentiation between 
this mountain province and the Basin and Range Province in a 


region where their features merge (Fig. 1). 


The investigation here recorded was inspired by the description 
of the Santa Fe beds of this locality by Herrick and by reconnais- 


sances made by the first-named author of the present paper dating 




















THE CEJA DEL RIO PUERCO 803 





back to 1909. At that time it seemed possible that in this area the 
Santa Fe formation could be divided into stratigraphic units by 
means of which the nature and minimum throw of the post-Santa 
Fe faulting could be more accurately determined and a clearer con- 
ception gained of the type of faulting characteristic of the border of 
the Rio Grande Depression in central New Mexico. The area thus 
selected on stratigraphic and structural grounds yielded also gen- 
eralizations of a geomorphic character. 

The report appears in two parts. Part I deals with the stratig- 
graphy and structure of a relatively small area at the northern end 
of the Ceja. Part II treats of the geomorphology of a much larger 
region by an expansion of conclusions reached in the central area. 


OLDER ROCKS 

The pre-Miocene stratigraphy of New Mexico has been broadly 
set forth by Darton’ and by others, and many local sections of these 
rocks as developed in the region to the north of this area have been 
described by Renick.? For many years the Cretaceous and early 
Tertiary beds of the San Juan Basin have been studied intensively 
because of their content of coal, oil, and gas. Recent studies by 
Hunt,’ by Dane, and by others extend to and include the western 
border of this area where the Cretaceous rocks lie in contact with 
the Tertiary sands and gravels which crop out in the Ceja. Since 
the Cretaceous rocks to the west and north are important only as a 
source of supply for the Tertiary beds of the Ceja, their treatment 
here must be correspondingly brief and is confined to a considera- 
tion of their relative resistance to erosion and the nature of the 


tN. H. Darton, ‘‘ ‘Red Beds’ and Associated Formations in New Mexico,” U.S. 
Geol. Surv. Bull. 794 (1928), pp. 1-352. 


2B. Coleman Renick, ‘‘Geology and Ground-Water Resources of Western Sandoval 
County, New Mexico,” U.S. Geol. Surv., Water-Supply Paper 620 (1931), pp. 1-117. 


3 Charles B. Hunt, ‘“‘Geology and Fuel Resources of the Southern Part of the San 
Juan Basin, New Mexico,” Part II: ‘“The Mount Taylor Coal Field,”’ U.S. Geol. Surv, 
Bull. 860-B (1936), pp. 1-80, and maps; Clyde Max Bauer and John B. Reeside, Jr., 
‘Coal in the Middle and Eastern Parts of San Juan County, New Mexico,” U.S. Geol. 
Surv. Bull. 716 (1921), pp. 155-237; C. M. Bauer, “‘Contributions to the Geology and 
Paleontology of San Juan County, New Mexico,”’ Part I: “Stratigraphy of a Part of 
the Chaco River Valley,”’ U.S. Geol. Surv., Prof. Paper 98-P (1916), pp. 271-78. 
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clastic material produced by their decay. This characterization is 
based upon the studies of others and on field observations made 
largely during the summers of 1931 and 1932. 

The pre-Cambrian consists of gneissic granite, with minor areas 
of diorite and schist. The great quartzite formation, so conspicuous 
in other parts of New Mexico, is absent. Nevertheless, under pres- 
ent conditions of erosion, the pre-Cambrian is the most resistant rock 
unit in the area. From this complex were derived the pebbles of 
quartz and quartzite of later formations and the arkosic gravels of 
the Tertiary and Pleistocene formations. 
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Fic. 2.—Characteristic view in the badlands of the escarpment of the Ceja del 
Rio Puerco, showing the slightly inclined and only partially exposed Santa Fe beds 


The Paleozoic rocks consist of the Magdalena, mostly limestone, 
and the Abo and Chupadera, mostly sandstone with minor quanti- 
ties of shale. Both the Abo and Chupadera are red or reddish and 
contain conglomeratic zones. Both are relatively resistant to ero- 
sion. Pebbles of quartz and quartzite from the Abo, and to a less 
extent from the Chupadera, are found in all the later formations. 

The Mesozoic begins with the Poleo, a cliff-forming sandstone, 
conglomeratic at the base. Pebbles of quartz, quartzite, and chert 
from this formation are found in later formations. The red Chinle 
sandstone and shale is weak rock and usually forms valleys. The 
soft Wingate sandstone is capped by Todilto gypsum, and the two 
units form minor cliffs. The Todilto, according to Baker, Dane, and 
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Reeside,‘ constitutes the base of the Morrison formation, which con- 
sists mainly of variegated sandstone and shale. 

The Cretaceous and early Tertiary consist of buff sandstone and 
great thicknesses of predominantly dark shale. The Dakota sand- 
stone at the base is in places conglomeratic, carrying pebbles of 
quartz, quartzite, and chert apparently derived from older con- 
glomerates. The Mesa Verde, Ojo Alamo, and basal Wasatch are 
also sandstones, and there are sandy lenses in the Mancos and Lewis 
shales and in the largely shale formations included by Renick in 
the Nacimiento group. 





Fic. 3.—Dissected anticline in the Lower Gray Member of the Santa Fe forma- 
tion, on the north side of the Canyada Moquino (C. Fernando). 


These beds weather to sand and clay. The pebbles furnished to 
streams consist of little slabs of sandstone, concretions of calcium 
carbonate or limonite, fossil wood, and fragments of such durable 
material as quartz, quartzite, and chert derived from relatively thin 
and rare conglomerate zones. In the course of transportation the 
concretions and little slabs of sandstone tend to disintegrate, and 
only the siliceous material persists. 

4A. A. Baker, C. H. Dane, and J. B. Reeside, Jr., ‘‘Correlation of the Jurassic 


Formations of Parts of Utah, Arizona, New Mexico and Colorado,” U.S. Geol. Surv. 
Prof. Paper 183 (1936), pp. 1-63. 
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SANTA FE FORMATION 
DEFINITION OF THE TERM 

The term “Santa Fe marls’’ was first used by Hayden’ for beds 
exposed at and northwest of the city of Santa Fe. Here the beds are 
deformed and, in general, dip westward. They consist of arkosic 
fanglomerates that in some localities near the mountains are fine- 
grained.® At some distance west of the mountains, soft limestone, 
fine sand, silt, and volcanic ash occur. Near Pojuaque and Cuya- 
mungue, Cope’ obtained a vertebrate fauna which he considered 
equivalent to the “Loup Fork” of Nebraska. As a result of per 
sistent collecting, especially by Frick, a large group of species are 
known, and the fauna is now generally considered to be of late 
Miocene or early Pliocene age.° 

The term “‘Santa Fe marls,’”’ now called “Santa Fe formation,” 
has since been extended and applied loosely to any deformed and 
partly consolidated alluvial beds of probable Tertiary age. On some 
maps, Pleistocene and Recent deposits are included with the Santa 
Fe. Herrick? recognized dissimilarities between the valley fill at 
Albuquerque and the Santa Fe marls of Hayden and Cope, but his 
attention was largely directed to the caliche on the upland surface, 


ce 


which he regarded as a lake deposit. His term ‘‘Albuquerque marl”’ 


therefore applies strictly to the caliche. In his reconnaissance of 


F.V. Hayden, ‘*Preliminary Field Report of the U.S. Geological Survey of Colorado 
and New Mexico,” U.S. Geol. and Geogr. Surv. Terr. 3rd Ann. Rpt. (1869), pp. 66-67 
6k. C. Cabot, ‘‘Fault Border of the Sangre de Cristo Mountains North of Santa 
Fe, New Mexico,” Jour. Geol. (In press. 

7E. D. Cope, ‘‘Notes on the Eocene and Pliocene Lacustrine Formations of New 
Mexico, etc.,’’ U.S. Geol. and Geogr. Surv. W. 100th Mer. (Wheeler report) (1874), pp. 
115-30. 

§ Childs Frick, ‘‘“New Remains of Trilophodont-Tetrahelodont Mastodons,” Bull. 
Amer. Mus. Nat. Hist., Vol. LUX (1933), pp. 505-652; H. F. Osborn, ‘‘Equidae of the 
Oligocene, Miocene and Pliocene of North America, etc.,’’ Amer. Mus. Nat. Hist. Mem. 
(N.S.), Vol. II, Part I (1918), pp. 3 and 34. 

9C. L. Herrick, ‘Papers on the Geology of New Mexico,”’ Univ. New Mexico Bull. 
Geol. Ser., Vol. I (1898), pp. 94-98 (also Bull. Sci. Lab. Denison Univ., Vol. X1); C. L. 
Herrick and D. W. Johnson, ‘‘The Geology of the Albuquerque Sheet,” Univ. Nex 
Mexico Bull. Geol. Ser., Vol. 11 (1900), pp. 3-8 
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1900, Herrick"® saw the badlands west of the Ceja and recognized 
the down-faulting of the Tertiary against the Cretaceous and the 
feasibility of dividing the Santa Fe into mappable units. 

Bryan" in 1909 recognized that the marl of Herrick was caliche 
but, not finding deformation of the beds near Albuquerque, con- 
sidered that the process of valley-filling was continuous and, there- 
fore, that the surface of the higher plains was the upper surface of 
deposition. He believed, however, in slight uplift on the western 
margin of the basin. Instead of “Santa Fe formation’ he used the 
term ‘Rio Grande beds,” which should be abandoned. 

The conclusion that the term “Santa Fe formation’ may be 
properly extended to this area rests on two lines of evidence: (1) 
fossil evidence of equivalent age and (2) continuity of slightly dis- 
similar and deformed alluvial deposits extending from the city of 
Santa Fe southwestward to this area. 


FOSSIL CONTENT 

Fossil evidence indicates equivalent age for the Tertiary sediments 
of the Ceja and those of the type Santa Fe formation. Fossil bone 
was discovered in the badlands at the head of the Canyada” Pilares 
and at the head of the Canyada Moquino, as shown on the map (Fig. 
4). The first of the localities lies near the top of the Middle Red 
Member (hereinafter defined) and 4o feet stratigraphically below 
the Sand Hill Fault Zone (see Fig. 5). The second lies near the base 
of the Middle Red Member in a green clay in the clay beds about 
60 feet stratigraphically above the Pilares Fault Zone (see Fig. 5). 
As originally deposited, the bones were fragmentary and scattered, 
consisting for the most part of unidentifiable pieces of limb and foot 

‘The Geology of the Albuquerque Sheet,”’ Joc. cit. 

« Kirk Bryan, ‘“‘Geology of the Vicinity of Albuquerque,” Univ. New Mexico Bull. 
Geol. Ser., Vol. III (1909), pp. 1-24 

2 In New Mexico the term ‘‘canyada”’ is used to characterize a shallow valley whose 
flat floor is noticeably wider than the sides are high, whereas the term ‘‘canyon”’ is 
applied to a valley with steep, high walls and narrow floor. As cavion is commonly 
anglicized to ‘‘canyon’’ it has seemed wise to use the spelling ‘‘canyada’”’ rather than 
the Spanish form cajada. Note also that the New Mexico custom of omitting the 
preposition and sometimes the article in place names is followed, as ‘‘Canyada Pilares”’ 


for ‘‘Canyada de los Pilares” (“‘gulch of the pillars”’ 
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Fic. 4.—Geological map of northern portion of the Ceja del Rio Puerco 
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bones. However, there were a few fragments of jaws which Dr. 
George White, of the Harvard Museum of Comparative Zoology, has 
succeeded in identifying. The following species are included: 


Locality I Locality II 
Merycodus tehuanus (Cope) Merycodus ramosus (Cope) 
Merycodus ramosus (Cope) Merycodus sp. 

Procamelus sp. Procamelus sp. 


Large carnivore 
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UPPER BUFF MEMBER 
"| BUFF AND GRAY SAND AND GRAVEL WITH ANDESITIC AND OTHER PEBBLES 





MIDOLE RED MEMBER 
[E: SALMON RED AND BUFF SAND WITH SOME GRAY ZONES. CONCRETIONS AND CONCRETIONARY LAYERS 
A FEW RED, BROWN AND GREEN CLAYS. VERTEBRATE FOSSILS MARKED BY x 
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“NDESITE AND BASALT TUFF IN SECTION 5 GRAY SANDSTONE AT TOP 





Fic. 5.—Geologic sections at north end of the Ceja del Rio Puerco showing 
changes in thickness of the three members of the Santa Fe formation from north to 


south. 


The two species of Merycodus are characteristic of, and the other 
forms compatible with, the known Santa Fe fauna. A larger collec- 
tion is desirable, but sufficient evidence of essential contemporaneity 
of these beds with the Santa Fe of the type locality seems to have 


been obtained. 
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CONTINUITY OF THE FORMATION 
The Santa Fe formation can be traced somewhat discontinuously 
from its type locality to the Ceja. It is well exposed in the badlands 
of the type locality north and west of the city of Santa Fe. Thence 
the formation extends west to the Cerros del Rio, where it is inter- 
bedded with basalt that continues southward through White Rock 
Canyon and is interbedded with sand and gravel in the Santo 
Domingo Valley. To the south of the city of Santa Fe it is concealed 
beneath almost continuous deposits of Pleistocene age contempo- 
raneous with the cutting of extensive pediments. However, de- 
formed fan deposits crop out here and there from the city of Santa 
Fe south to the north side of Galisteo Creek near Lamy. From this 
point westward they are exposed for some miles. There is a break 
in the formation near Cerrillos, but the deformed fanglomerates ap- 
pear again near Rosario Siding and continue westward to the Rio 
Grande at Santo Domingo."} Near the railroad station of Domingo, 
fan deposits are interbedded with river silt and gravel. This body of 
silt and gravel continues south to San Felipe, where basalt is inter- 
bedded. Eastward from this place the river gravel interfingers with 
coarse alluvial fan deposits. South of San Felipe and west of Berna- 
lillo, fan deposits of a general reddish color are interfingered with the 
river gravel. The river gravel at the west end of the bridge over the 
Rio Grande at Bernalillo dips 2° to the south. On both sides of Jemez 
Creek, to the north and west of this locality, there are poorly ex- 
posed, deformed beds consisting largely of alluvial fan deposits. 
These beds resemble those of the Lower Gray Member (hereinafter 
defined) of the Santa Fe formation and extend westward to the 
area here considered. 
CHARACTER OF THE BEDS 
The Santa Fe formation was deposited in a series of basins ex- 
tending southward from Colorado into New Mexico. Each basin 
was a separate entity," but most of them merged at the north and 
"3 The Santa Fe of this region will be described in more detail in a paper by Kirk 
Bryan and J. E. Upson on the geology and geomorphology of the Santo Domingo 
Valley. 
'4 Bryan, “Outline of the Geology and Ground-Water Conditions of the Rio Grande 


Depression in Colorado and New Mexico,” Mimeographed report, Rio Grande Joint 
Investigation, National Resources Committee (1936). Pp. 159. 
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south into adjacent basins. These basins have been further differ- 
entiated and given added individuality by the post-Santa Fe def- 
ormation. 

The area here considered lies in the northwestern portion of the 
Albuquerque-Belen Basin, whose present size and shape have been 
largely controlled by deformation, and is somewhat smaller now 
than during the period of deposition. It is 20 miles wide and 80 
miles long and extends along both sides of the Rio Grande from San 
Felipe to San Acacia. On the north it is bounded by the Jemez 
Mountains; on the east by the Sandia~Manzano—Los Pinos Moun- 
tains; on the south, in part, by the Sierra Ladrone; on the west by 
the plateaus and broken country east of the Mesa Prieta and Mount 
Taylor, though here the border is especially complex. 

The deposits of this basin fall into three general categories: (1) 
rounded gravel with sand and silt, all deposited by a great river; (2) 
fan deposits of tributaries from the east; and (3) fan deposits of 
tributaries from the west. The river deposits are those of a large 
stream flowing from north to south, the Lower Pliocene predecessor 
of the present Rio Grande. Its course lay 10-15 miles east of the 
area here considered. Toward it, from east and west, flowed inter- 
mittent and ephemeral streams. Those from the northwest and 
north laid down the fan deposits more particularly described in the 
following paragraphs (see Fig. 4). 

The Santa Fe strata at the north end of the Ceja fall into three 
main divisions (see Fig. 5): (1) Lower Gray Member, (2) Middle 
Red Member, and (3) Upper Buff Member. 

The distinction between the Lower Gray and Middle Red mem- 
bers is based largely on difference in color. Lithologically they have 
much in common and are best treated together. These two members 
consist, in the main, of fine- to medium-grained sand. Both contain 
resistant, calcareous layers and lenses in which the sand is cemented 
by secondary calcium carbonate, but cementation is more pro- 
nounced in the gray beds than in the red (see Fig. 3). They show 
marked concretionary structure upon weathering, the concretions 
varying in size from } inch to 3 inches in diameter. In many locali- 
ties the ground looks as if a gigantic bag of marbles had been 
emptied and its contents unevenly scattered about. Some beds crop 
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Fault systems at the south end of the Nacimiento Uplift and along the 
border of the Rio Grande Depression: fine, dashed lines indicate the position of the 
faults in the Cretaceous rocks of the Plateau (after Hunt and others); heavy, dashed 
lines, faults of the Nacimiento Uplift (after Renick); full lines, faults that affect the 
formation and form of the border of the Rio Grande Depression. 
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out as masses of concretions. However, on fresh surfaces produced 
by natural or artificial fracturing, these beds are massive, cross- 
bedded, calcareous sandstones with little evidence of their latent, 
concretionary character. Wherever the bedding is visible, it cuts 
across the concretions. 

The lenticular character of the beds, irregular bedding and cross- 
bedding, and the presence of occasional lenses of unsorted, angular 
gravel and beds of clayey, red silt constitute evidence of the alluvial 





Fic. 7.—View south along the Ceja del Rio Puerco showing Sand Hill fault 
zone, Middle Red Member on west faulted against Upper Buff Member on east. 
Note sand dike in immediate foreground. Fault passes east of scarp which is 
formed by the Middle Red Member. 


fan origin of the Lower Gray and Middle Red members. Their rela- 
tively fine, even texture seems to indicate that they were formed 
near the lower margins of great fans some distance from any high- 
land. Although most of the beds show definite lamination and 
current cross-bedding, some beds are massive or have only vague 
cross-bedding extending over a vertical range of 2—4 feet. The Lower 
Gray beds are likely to be comparatively coarse-textured and more 
commonly cross-bedded in the true sense of the word than the 
Middle Red. The Middle Red beds, although on the whole more 
poorly cemented than the Lower Gray, are in many places quite 
massive and may form prominent scarps (see Fig. 7). It seems 
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probable that some of the laminae and cross-bedding indicate re- 
working by wind action on the plains of deposition. The fine, sandy 
character of the material would promote such a process, and the 
wind may have been of large importance in removing from this part 
of the area of deposition many grains of silt and clay size. 

Only a few beds within these two members are clayey. These beds 
occur near the middle of the Middle Red Member in a fairly per- 
sistent zone. Most of the clayey beds are composed of sand with a 
high clay and silt content, such as would be characteristic of flood 
deposition by tributary streams. However, in the Canyada Moquino 
section, at the base rather than in the middle of the Middle Red 
Member, there is a bed of green clay 3 feet thick with a limey layer 
at the top. This layer has a maximum thickness of 18 inches and 
contains the shells of small pelecypods indicative of shallow, fresh- 
water ponds. 

The mineralogy of the Lower Gray and Middle Red members indi- 
cates the source from which the material was derived. Fine quartz 
sand is the dominant mineral grain and was probably furnished by 
the Mesozoic sandstones which crop out in the San Juan country to 
the north and northwest. The sandstone of the Mesa Verde forma- 
tion today breaks down into a sand which closely resembles that of 
the Lower Gray Member. 

Here and there in the mass of quartz sand are lenses of pebbly 
sand 2 inches to 2 feet thick containing fragments of granite (quartz 
and red feldspar) as much as § inch across. The presence of this 
arkosic material indicates that in some part of the drainage basin 
there was a pre-Cambrian outcrop. The small size of the fragments 
would seem to indicate that the source was either in an area of only 
moderate relief or was far distant. The nearest available area of pre- 
Cambrian rock is the Sierra Nacimiento, which lies 10 or 15 miles 
to the north. The fragments seem too small to have been derived 
from so close a source. However, it may well be that the main chan- 
nel of this earlier drainage lay some distance west of the Sierra 
Nacimiento, perhaps even west of the present Rio Puerco. Such a 
channel might well have a northwest-southeast course and flowing 
mainly through the sandstones of the Plateau Province, would carry 
large quantities of the fine sand characteristic of the Santa Fe, 
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especially of the Lower Gray and Middle Red. It would, in addi- 
tion, have tributaries flowing westward from the Nacimiento which 
would carry arkosic material. The distance from the Sierra Naci- 
miento to the Ceja, by the route postulated, would be 30 or 40 miles. 
By such a comparatively roundabout route the arkosic debris 
would be much reduced in size. It is also quite likely that the source 
area may have had a low relief. A further inference would be that 
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Fic. 8.—The Ceja del Rio Puerco, looking northeast. The most southerly fault 
of the Sand Hill fault zone lies on the left of the view. Sand dike in foreground. 
All the beds belong to the Upper Buff Member with the exception of the top beds 
on the right which form the Quaternary cover of the Llano de Albuquerque. 


the original border of the basin of deposition lay some to miles or 
more northwest of the present faulted border. 

The Upper Buff Member is somewhat diverse in color, but its gen- 
eral aspect is buff. Its texture is much more variable than that of the 
two lower members. At the base lie beds of gray and brown silt and 
clay whose general appearance is buff. These beds grade upward 
into coarse sand, gravelly sand, and gravel containing lenses of silt 
and clay similar in color and texture to the beds at the base (Fig. 8) 
The gravels have angular or little-worn fragments as much as 4-6 
inches in diameter; the typical fragment is about 2 inches in diame- 
ter. These beds are clearly fan deposits, probably laid down on 
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stream gradients steeper than those of the lower members. In the 
gravels, andesite and other volcanic rocks are well represented but 
are not as abundant as quartzite, chert, and agate. The obvious 
source of the volcanic rocks is the older andesite or Chicoma vol- 
canics'’ of the Jemez Mountains, which also furnished fragments 
to the Santa Fe in the Santo Domingo Valley." The quartzite peb- 
bles may well have been derived from the Poleo, Abo, and Chupa- 
dera formations also exposed in the mountains to the north. 

The three unlike members of the Santa Fe here described may 
have no general continuity outside the immediate area. They are 
well marked for 10 miles south of the area mapped and can be more 
or less clearly traced for 20 miles north of the Rincones de Zia. 
In fan deposits lithologic change is rapid, particularly in the direc- 
tion of flow of the depositing streams. It can hardly be expected that 
these members can be traced very far east or southeast. However, 
the trend of the Ceja to the south is more or less parallel to the mar- 
gin of the original basin of deposition, and there is reasonable hope 
that the threefold division can be traced more or less successfully 
for many miles in this direction. 

Detailed sections in generalized form are shown in Figure 5. East 
of the Canyada las Milpas, in the Rincones de Zia (Sec. 1), the 
Lower Gray Member has a thickness of 1,551 feet. It decreases to 
390 feet in the Canyada Pilares 10 miles south and apparently re- 
mains thin for 8-10 miles farther south, although it is so concealed 
as to afford no favorable place for measurement. The Middle Red 
Member, which is 331 feet thick in the Rincones de Zia (Sec. 1), in- 
creases slightly to the south so that at the Canyada Fernando (Sec. 
4) it has a thickness of 520 feet between the bounding faults of the 
Pilares and Sand Hill systems.*’ It is believed that this is close to the 
total thickness. From this point south much of the Middle Red 
Member is concealed. The unconformity at the top of the Santa 
Fe, which is the erosion surface below the gravel and caliche of the 
Llano de Albuquerque, largely affects measurements of the thickness 
of the Upper Buff Member. In none of the sections measured and 
shown in Figure 5 is the full thickness present. However, casual ob- 
5 EK. S. Larsen, manuscript name. 


‘6 Bryan and Upson, unpublished data. 7 See below, pp. 821-22. 
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servation indicates that south of “Sand Hill,” where this member 
has a thickness of 286 feet, much greater thicknesses occur. Esti- 
mates range from 1,000 to 1,500 feet. The existing evidence hardly 
permits the conclusion that the Upper Buff Member once had so 
great a thickness over the area to the north, but a study of Santa 
Fe stratigraphy in the valley of Jemez Creek might yield measur- 
able sections showing the full thickness. 

The distinction between the two lower members is based on color 
difference and the more massive bedding of the Middle Red Member. 
If these differences were general, they might be attributed to a 
climatic change during which the soil and ground-water solutions 
were altered by increase in iron and lime. However, a greater pro- 
portion of material derived from the red members of the pre-Tertiary 
sedimentary sequence, such as the Chinle and Chupadera, would 
also furnish the red color. A more extensive outcrop of Magdalena 
limestone in the drainage area would give rise to a higher content of 
calcium carbonate in the surface and ground water and make for 
greater cementation. Such changes in the character of the load and 
the chemical content of the waters of the drainage basin might well 
have occurred during the stripping of the Mesozoic beds from the 
pre-Cambrian rock of the Nacimiento Uplift—a process which was 
probably coincident with the deposition of the Santa Fe. 

The Upper Buff Member records a definite change in the direc- 
tion of stream flow. Whereas during the deposition of the two lower 
members the material was derived from Mesozoic sedimentary rocks 
to the northwest, it now came from the volcanic area to the north 
and northeast. The marked increase of andesitic material in the 
Upper Buff Member seems to warrant this conclusion, but the cause 
of this shift in stream direction has not yet been discovered. 

PRE-SANTA FE TUFFACEOUS BEDS 

Within the area there are two outcrops of andesite tuff. In the 
Canyada Pilares a 50-foot wedge of tuff, resting unconformably on 
the Cretaceous, emerges from cover. It is overlain unconformably 
by the Lower Gray Member, which overlaps its feather edge to rest 
unconformably on the Cretaceous. At Benevides Hill a small outlier 
of tuff, 250 feet thick, is nearly surrounded by faults which separate 
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it from the adjacent Lower Gray and Middle Red members. Here 
it is older than the Lower Gray Member, which is faulted against it 
Presumably the tuff itself is unconformable on the Cretaceous. 

These outcrops of tuff are obviously remnants of a water-laid 
volcanic mass. In the Canyada Pilares, the tuff is gray, water laid, 
and contains fragments of gray andesite as large as 3 inches in 
diameter. In Benevides Hill the lowest exposed material is a coarse 
breccia of dark-gray andesite overlain by massive, cross-bedded 
buff-colored tuff, which is in turn overlain by a fine-grained sandy 
tuff. 

On such meager evidence it is impossible to carry speculation very 
far, but apparently there was in this locality a preliminary basin of 
deposition that received debris from local volcanoes. The position 
and character of this pre-Santa Fe basin is not otherwise known, 
although similar, preliminary basins seem to be indicated by the 
unpublished data of other workers. 


PLEISTOCENE AND RECENT DEPOSITS 
The Santa Fe beds are generally covered by Pleistocene and 
Recent deposits save where, as in the escarpment of the Ceja itself, 
they have been exposed by recent stream-cutting. These beds con- 
sist of sand, gravel, caliche, soil, and wind-blown sand and dust. 
Their origin and composition will be discussed at length in Part II 
of this paper, which treats of the geomorphology of the region. 


STRUCTURE 
FAULTS OF THE CEJA AREA 

INTRODUCTION 
Many years ago Herrick'® recognized that the unconsolidated 
Santa Fe beds of the Rio Grande Depression were separated from 
the older, mostly Cretaceous, beds of the Plateau Province by a fault 
which he considered to be the southern extension of a fault bound- 
ing the west flank of the Nacimiento Uplift. Renick’s recent study’? 
shows that the Nacimiento Uplift is not a simple monocline, as 
formerly supposed, but a steep arch broken by multiple and com- 
plex steep-angle thrust faults. These steep thrust faults are re- 


*§ Herrick and Johnson, of. cit., p. 12. 19 Op. cit., pp. 71-74. 
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placed by several normal faults at the extreme southern end of the 
uplift. Here Renick mapped two en echelon faults between the 
Santa Fe and the older rocks—the Canyada de las Milpas and Jemez 
faults. He considered, however, that these faults extend into and 
involve the older rocks. His mapping of the Canyada de las Milpas 
fault has been revised by Hunt,” who has also mapped and described 
other normal faults to the south. Hunt, however, has failed to 
recognize that the post-Santa Fe faults are distinct from the faults 
involving only Cretaceous and older beds. 

That the poorly consolidated Santa Fe formation is separated 
from the older formations, not by a single fault, as supposed by 
Herrick, but by a complex fault zone had been demonstrated in part 
by Renick and Hunt when this party began its work. The new ma- 
terial here set forth consists of the detailed mapping of these faults, 
calculations of the minimum stratigraphic throw that is assignable, 
proof of the existence of en echelon faults lying wholly within the 
Santa Fe, and a description of the peculiar structure at Benevides 
Hill. 

DETAILED DESCRIPTION OF THE FAULTS 

Within the area here considered there are seven faults and fault 
zones. Four of them separate the Santa Fe from the older rocks, 
while the other three lie wholly within the Santa Fe. From north to 
south, as shown in Figures 4 and 6, they are: (1) Jemez fault, (2) 
Canyada las Milpas fault, (3) Canyada Navajo fault, (4) Pilares 
fault zone, (5) Sand Hill fault zone, and (6) Canyada Moquino fault. 
There is also the aberrant group of faults at Benevides Hill. Down- 
throw of the six faults is consistently to the east, with one minor 
exception. The determinable minimum stratigraphic throw varies 
from 200 to 1,000 feet, but, as hereinafter shown, the original total 
displacement was much larger. 

The Jemez fault can be traced from the Rincones de Zia, at the 
northern end of the Ceja, north past San Ysidro and Jemez Pueblo 
to a point near Canyones, a distance of nearly 20 miles. At its north- 
ern extremity, this fault, or another of the same type, has an east- 
west strike so that a small area of the Santa Fe formation is enclosed 
in the older rocks to form a true graben. In the vicinity of San 


20 Op. cit. 














820 KIRK BRYAN AND FRANKLIN T. McCANN 
Ysidro, the Santa Fe has a variable dip indicating complex structure, 
and, as the fault itself is complex, its throw also is variable. Renick”" 
estimates that the throw is at least 8,000 feet, apparently using the 
stratigraphic displacement at the point where the Tertiary Santa Fe 
rests against the Magdalena limestone of Carboniferous age. Thus 
he assumes that all the displacement is due to a single movement 
along the fault—an assumption which fails to take into consideration 
the angular unconformity between the Santa Fe and Chupadera 
(Permian) in the vicinity of the Vallecito Viejo 3—4 miles to the east. 
Here the Santa Fe rests on a relatively smooth surface and is moder- 
ately fine-grained, indicating that the uplifted mass of the Naci- 
miento was much reduced in the pre-Santa Fe period of erosion. 
The post-Wasatch uplift of the Nacimiento, which preceded this 
period of erosion may well account for most of the apparent dis- 
placement, but whether the fault was active during the uplift is un- 
known. North of San Ysidro the Lower Gray Member rests against 
the pre-Cambrian and the Magdalena, and here the minimum 
throw may be slightly under 1,000 feet. If the escarpment to the 
west were as high as 3,000 feet before erosion, the total displacement 
in this locality would necessarily amount to about 4,000 feet. The 
true throw along the Jemez fault is, therefore, the thickness of the 
uneroded Santa Fe plus the height to which the mass to the west was 
uplifted. In the Rincones de Zia, near the point where the fault goes 
under cover, the minimum throw is equal to the measurable thick- 
ness of the Lower Gray Member of the Santa Fe, or more than 1,000 
feet. Apparently this fault throughout its entire exposed length has 
a variable, yet everywhere considerable, throw. 

The Canyada las Milpas (Canyada de las Milpas of Renick and 
Hunt) fault, which strikes N. 17° E., begins north of Chaves Well 
and can be traced southward for about 7.5 miles, where it goes under 
cover. Renick” estimates that this fault has a maximum displace- 
ment of at least 750 feet. However, just south of Chaves Well, it has 
a minimum throw of at least 1,000 feet, for here the top of the Lower 
Gray Member rests against the Cretaceous; the total displacement 
may have been much greater. 

The Canyada Navajé fault, which can be traced for about 1.5 
4 Op. cit., p. 75. 22 Ibid. 
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miles in the badlands of this canyada, is covered on both north and 
south by Pleistocene deposits. It strikes N. 6° W. and dips 75° W. 
The Santa Fe beds along the fault are arched up into an anticline 
with an east-west axis. Along this axis, near the bottom of the 
canyada, the Lower Gray Member rests against the Cretaceous, 
whereas to north and south, at the margin of the gulch, it is the 
Middle Red Member which rests against the Cretaceous. The mini- 
mum stratigraphic throw at the axis of the anticline is the thickness 
of the Lower Gray Member in this area, at least 500 feet, plus the 
thickness of that part of the Middle Red Member which has been 
carried away by erosion, or a total of about 1,000 feet. This fault 
coincides with Hunt’s Canyada de Navajé fault at the north and lies 
slightly east at the south. 

The Canyada Pilares zone, where exposed, consists of two parallel 
faults separated by an area characterized by minor en echelon faults. 
The zone can be traced for about 4 miles; at either end it is covered 
by Pleistocene sands. It strikes N. 5°-10° E., although the minor 
faults have strikes that vary sufficiently to produce en echelon ef- 
fects within the zone itself. The most northerly fault strikes N. 
17° E. and dips 70° E. The Middle Red Member to the east and the 
Lower Gray Member to the west are in contact, indicating that the 
downthrow has been to the west with a minimum stratigraphic 
throw not in excess of 100 feet. In the area between the two main 
faults are three small parallel faults which strike N. 16° W. and dip 
54 NE. As they lie entirely within the Middle Red Member, their 
combined throw must be slight. The most southerly fault strikes 
N. 10° E. and dips a few degrees to the west. It likewise is entirely 
within the Middle Red Member, and consequently its throw also 
must be slight. There is a well-defined sand dike in this fault. 

The Sand Hill fault zone is the most easterly of the Ceja faults. 
It consists of four nearly north-south faults which, taken together, 
can be traced for more than 5 miles. It dies out to the north, and to 
the south it is covered by Pleistocene and Recent alluvium. This 
zone lies entirely within the Santa Fe formation. The most northerly 
of the four faults is somewhat sinuous in trend so that its strike 
varies from N. 2° E. to N. 6° W. (see Fig. 7). The Upper Buff Mem- 
ber on the east is brought into contact with the Middle Red Member 
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on the west. The minimum stratigraphic throw may exceed 300 
feet. This fault contains the best-developed of the six sand dikes 
present in the area.* This sand dike can be traced for at least a 
quarter of a mile. It is slightly sinuous and irregular in conformity 
to the strike of the fault which it occupies. More resistant than 
either the Middle Red Member or the Upper Buff Member, which 
lie on either side of it, the dike stands up above both. It possesses 
a pseudo-bedding which is parallel to the wall of the dike. On the 
whole, the dike-rock is a medium-textured sandstone which, in 
places, carries rounded and subangular pebbles up to 6 inches in 
diameter. Most of the pebbles are quartz, chert, and quartzite, with 
a few pebbles of basalt, sandstone, andesite, and granite. The color 
is predominantly gray but may be salmon pink. The similarity of 
the material to that of the Lower Gray Member leads to the pre- 
sumption that the dike material has been injected from below. The 
second and third faults of the Sand Hill fault zone differ in no ma- 
terial respect from the first save that the third has a distinct bend 
which almost amounts to an offset (see Figs. 2 and 4). The fourth 
and most southerly of these faults is the least important but is well 
exposed (see Fig. 8). It partakes of the nature of a fault splinter, 
strikes N. 15° W., and is confined to the Upper Buff Member. 

The Canyada Moquino fault can be traced for a distance of more 
than 3 miles. The principal canyada crossed by the fault is called 
“Moquino”’ as well as “Fernando,” and the term “‘Moquino”’ has 
been selected in order to distinguish this purely post-Santa Fe fault 
from the San Fernando fault of Hunt. The plane of the fault bows 
a little to the west so that its strike, from north to south, changes 
from N. 15° E. to N. 25° E. Cretaceous beds on the west have been 
brought into contact with Santa Fe beds on the east. The southern 
end of this fault is the same as the San Fernando fault mapped by 
Hunt.?4 However, Hunt failed to recognize that his San Fernando 
fault, which lies largely in the Cretaceous rocks, is the earlier of the 
two and that its westerly displacement has been reversed where it 
coincides with the Moquino fault. As in the case of the Canyada 

23 Renick (ibid., p. 57) has noted a similar dike in the Santa Fe formation near the 
Rio Grande. 


24 Op. cit. 
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Navajo fault, the Santa Fe beds along the fault have been arched up 
into a slight anticline (see Fig. 3). Near the south end of its exposed 
length, the minimum stratigraphic throw of this fault is the thick- 
ness of the Lower Gray Member and of part of the Middle Red 
Member and may be as much as 500~1,000 feet. This fault contains 
a poorly developed sand dike at its southern end. 

Just east of the Canyada Moquino fault lie two minor faults of 
small throw (see Fig. 4) possessing approximately its strike and dip. 
One of them is confined wholly to the Middle Red Member. The 
other is marked by the presence of the Lower Gray Member on the 
west and the Middle Red Member on the east. 

The Benevides Hill faults are normal faults but differ from the 
other Ceja faults in pattern, for they partly enclose the tuff and 
breccia of Benevides Hill. On the northwest side of the hill is a fault 
containing a well-developed sand dike, which strikes N. 60° E. On 
the northeast a second fault strikes N. 35° W. Where these two 
intersect, the sand is bright red or yellow, the higher state of oxida- 
tion presumably connected in some way with the faulting. Both of 
these faults appear to be double, for slivers 30-40 feet wide of sand- 
stone from the Lower Gray and Middle Red members, as well as 
pre-Santa Fe tuff, have been caught up in them. There is a third 
fault on the west, striking N. 10° E., which may be only an extension 
of the first fault. South of the hill, Recent sand and gravel cover the 
southerly extension of the second and third faults and prevent fur- 
ther tracing. It is impossible to say, therefore, whether Benevides 
Hill is a horst bounded on all sides by faults, including a concealed 
fault on the south, or whether it is an unusual structure swung up 
like a barn door by normal faulting on three sides and a flexure on 
the south. 

The tuff and breccia of Benevides Hill probably underlie the 
Santa Fe beds unconformably. As the Lower Gray Member crops 
out west of the hill, and the Middle Red Member to the east, the 
minimum throw of these faults is the measured thickness of the tuff 
and breccia plus the thickness of the Lower Gray Member at this 
point, or a total of 650 feet. 

For convenience, a part of the data here given on these faults has 
been arranged in the form of a table (see Table 1). 
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RELATION OF THE CEJA FAULTS TO NEIGHBORING SYSTEMS 

The faults described in this study, all of which displace the Santa 
Fe beds, form an en echelon system which differs in certain respects 
from the faults that affect the older rocks only. In Figure 6 these 
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NAME OF FAULT 


Jemez 
North fault 
South fault 


Canyada las Milpas 


Canyada Navajé 


Canyada Pilares 
North fault 
Middle zone 
South fault 


Sand Hill 
North fault 


| Locatity at WHIcH 
| THROW DETERMINED 


| 
| Opposite Vallecito |Pre-Cambrian and| Lower Gray | 3 


iejo 
| Rincones de Zia 


1 
Chavez Well 


Canyada Navajé 


Canyada Pilares 


Badlands between 
Canyada Pilares 
and Canyada Fer 
nando 


Badlands between 
Canyada Pilares 
and Sand Hill 


Two intermediate} 


faults 
South fault 


Canyada Mcquino 
Two small faults 


Benevides Hill 
faults: 
Northwest 

of hill 
Northeast side of 


hill 
West side of hill | 


side 
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faults are shown and also two other systems in the area. The faults 
at the south end of the Nacimiento Uplift, as mapped by Renick,?s 
are technically normal faults, but they have steep dips, are intimate- 
ly associated with anticlines and synclines, and are closely related to 
the steep thrust fault that breaks the west limb of the asymmetric 


25 Op. cit., pp. 73-75. 
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Nacimiento dome. The faults which Hunt has mapped in the Cre- 
taceous have a marked northeast trend and fall into en echelon 
series parallel to a great north-south fold associated with the down- 
warping of the San Juan Basin. The trend of these faults and their 
characteristic downthrow to the west make them a distinctive sys- 
tem. The faults of the Ceja have a general north-south trend and 
lie en echelon along the boundary between the Santa Fe and the 
older rocks along a line trending slightly east of north. They are 
strictly tensional faults and not associated with folding except for 
minor arches in the Santa Fe beds which are probably due to local 
compression within the fault blocks. 

The contrast between the faults in the Cretaceous and the Ceja 
faults is brought out in Figure 9, which has been constructed by the 
present authors from Hunt’s structure contour map as far east as 
the Canyada Mogquino fault. This fault and the geology eastward 
from it are based on the data of the present study. 

The faults to the west of the Canyada Moquino fault have small 
displacements to the west. They appear to be minor breaks on a 
great downward flexure of the Cretaceous beds to the east. Even if 
the minimum stratigraphic throw of the Ceja faults were the total 
displacement, it would be of a different order from that of the faults 
to the west. In the section (Fig. g) it is assumed that 1,000 feet of 
Cretaceous rock west of the Canyada Moquino fault has been 
eroded. This seems to be a conservative estimate. The other Ceja 
faults are plotted with their minimum stratigraphic throw, and it is 
obvious that even these minor faults are of greater magnitude than 
the faults to the west. 

Hunt’s suggestion” that the boundary between the Plateau and 
Basin and Range provinces lies along a “‘generally well-marked line 
extending from Suwanee past San Ignacio’’—this would put it just 
west of the Ojito fault (see A, Fig. 5)?’—does not seem to accord 
with either structural or topographic evidence. On structural 
grounds, the boundary lies at the Canyada Moquino fault (see B, 
Fig. 9). This point is also at the foot of the badlands of the escarp- 
ment of the Ceja, a convenient location from a geomorphic point of 
view. 

26 Op. cit., p. 56. 27 Tbid., p. 63. 
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THE CEJA DEL RIO PUERCO 827 

The evidence, then, seems to justify the statement that Renick’s 
faults mark the boundary between the Plateau Province on the west 
and the western prong of the Southern Rocky Mountain Province 
on the east; Hunt’s faults lie within the Plateau Province; the Ceja 
faults are the bounding faults of the Albuquerque-Belen Basin, a 
part of the Rio Grande Depression, and separate this part of the 
Basin and Range Province from the Plateau Province to the west 
(see also Fig. 1). 

The age relations of the three systems are not wholly clear. The 
faults in the Cretaceous are related to the folding and basining of 
the San Juan Basin and may be older than the thrust-faulting of the 
Nacimiento. The Nacimiento movement is later than the Wasatch 
and consequently post-Eocene. According to Renick,”* the Santa Fe 
rests unconformably on the eroded Wasatch in the Rincones de Zia 
an observation which the authors failed to confirm. If established 
it would prove what seems probable on general grounds—that the 
post-Eocene movement long antedated deposition of the Santa Fe. 
The Ceja faults are post-Santa Fe and thus not earlier than late 
Pliocene or perhaps the beginning of the Pleistocene. 


GENERAL EFFECT OF THE FAULTING 

The general effect of the faulting of the Ceja is threefold. (1) It 
has served to lower the Santa Fe formation with respect to the Cre- 
taceous along a north-northeast line. Since this movement should 
produce an east-facing instead of a west-facing scarp, the present 
Ceja must be a fault-line scarp instead of a fault scarp. (2) There is 
maximum throw to the south. Unfortunately, the true maximum 
throw cannot be estimated because in each case the fault is con- 
cealed by alluvium where the throw is greatest. As there is no way 
of determining the thickness of the Cretaceous beds now removed by 
erosion, it is probable that the minimum throw here estimated 
gives an inadequate idea of the total displacement. (3) The con- 
siderable disturbance of the Santa Fe beds east of the Jemez fault 
raises the presumption that other undiscovered faults lie to the east, 
concealed beneath caliche and alluvium. 

No satisfactory conclusion concerning the amount of depression 


28 Op. cit., pp. 57-58. 
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of the Rio Grande Basin with respect to the western highland can be 
drawn from the evidence set forth above. The total minimum throw 
between the plateau and the basin at the Rincones de Zia, as here 
estimated, is the combined minimum throw of the southern part of 
the Jemez fault and Canyada las Milpas fault, amounting to ap- 
proximately 2,000 feet. The actual displacement on the Canyada 
las Milpas fault may have been 3,000 or 4,000 feet, and there are 
without much doubt faults east of the Jemez fault with a displace- 
ment to the east. At the Canyada Navajo, the total minimum throw 
includes only the minimum throw of the Canyada Navajo fault, or 
1,000 feet. At the Canyada Mogquino, the total minimum throw is 
the combined throw of the Canyada Moquino, Canyada Pilares, 
and Sand Hill faults, or 1,800 feet. These figures, if taken at their 
face value, would indicate that the force of the downwarping move- 
ment was irregular in intensity and, on the whole, suffered a decrease 
in intensity toward the south. Such a conclusion is not justified, for 
it is quite probable that the amount of the downward movement of 
the basin increased with some degree of irregularity toward the 
south. No one of the faults named and described was seen to die out 
to the south, but each increased its throw in that direction and dis- 
appeared under cover. It would seem, therefore, that the throw of 
the Jemez and Canyada las Milpas faults should be added to that 
of the Canyada Navajo fault at the Canyada Navajé. Such an in- 
terpretation would indicate a total displacement in excess of 3,000 
feet. It may also be true that the throw of these three faults, all 
proportionately increased, should be added to the measured mini- 
mum throw of the Canyada Moquino fault at the Canyada Mo- 
quino, thus yielding a total in excess of 4,800 feet. If, as seems 
probable, concealed faults belonging to this same system lie to the 
eastward, buried beneath the caliche and other Recent deposits of 
the Llano de Albuquerque, there would be a further increase in 
throw. Such a figure is not conclusive for the amount of the depres- 
sion of the Rio Grande Basin with respect to the western highland. 
It seems clear, however, that the total reaches some thousands of 


feet. 




















THE CLAY MINERALS IN ILLINOIS LIMESTONES 
AND DOLOMITES*' 


R. E. GRIM, J. E. LAMAR, AND W. F. BRADLEY 


Illinois Geological Survey. 


ABSTRACT 


Studies of the clay minerals contained in the fine fraction of the insoluble residues 
from thirty-five Illinois limestone and dolomite samples representing the major 
stratigraphic units of the Illinois geologic column reveal] the presence of illite in all 
samples, kaolinite in twenty samples, and beidellite (?) in three samples. Much of the 
illite is thought to be authigenic and probably derived from beidellite; the kaolinite 
is considered to be detrital. Kaolinite characterizes all the Pennsylvanian and Silurian 
samples studied. Some Mississippian and some Devonian samples contain kaolinite, 
others do not. The Ordovician samples contained only illite. 

On the basis of data relating to the climatic conditions under which various clay 
minerals are formed, it is believed that the joint presence of illite and kaolinite in a 
formation indicates a source area some parts of which had a warm climate and other 
parts a cool climate. 

The results of the study suggest that clay-mineral data may be valuable for correla- 
tion purposes, and also that they are of considerable potential economic value 


Recent researches? have shown that most argillaceous sedimentary 
rocks are composed essentially of one or more of a group of minerals 
known as the clay minerals (Table 1). It is no longer adequate, 
therefore, to designate the argillaceous content of sedimentary rocks 
merely as clay; instead descriptions should include data regarding 
the kinds and amounts of the clay minerals present. Also, complete 
descriptions of the insoluble residues of carbonate sediments should 
include identification of the constituents of the clay grades as well 
as of the coarser grades. 

As will be shown, clay-mineral analyses of insoluble residues of 
limestones and dolomites are important in interpreting their chemi- 
cal analyses, in studying their genesis, in understanding the varia- 
tions in their physical properties, and probably in correlating them. 

* Published with the permission of the Chief, Illinois State Geological Survey, 
Urbana, Illinois. 

2C.S. Ross and P. F. Kerr, ““The Clay Minerals and Their Identity,” Jour. Sed. 
Petrol., Vol. I (1931), pp. 55-65; K. Endell, U. Hofmann, and D. Wilm, “Ueber die 
Natur der keramischen Tone,” Ber. deut. keram. Ges., Vol. XIV (1933), pp. 407-38; 
R. E. Grim and R. H. Bray, “The Mineral Constitution of Various Ceramic Clays,” 
Jour. Amer. Cer. Soc., Vol. XIX (1936), pp. 307-15; C. W. Correns, ‘‘Petrographie 
der Tone,” Naturwiss., Vol. XXIV (1936), pp. 117-24. 
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So far as is known, no previous study has been made of the clay- 
mineral content of limestones and dolomites. This paper gives the 
results of an investigation of the clay minerals in Illinois limestones 
and dolomites which was made as a part of the Illinois State Geologi- 
cal Survey’s intensive study of the constitution and uses of Illinois 


rocks and minerals. 


TABLE 1 


MAJOR CLAY MINERALS 











Name | Composition Remarks 
Kaolinite | ALO, + 2SiO. + 2H,0 \| Kaolinite and anauxite form 
Anauxite ALO, + 3SiO, - 2H,O an isomorphous series 
Halloysite ALO, + 2SiO, - XH.O 
Beidellite | ALO, + 3Si0O, - XH,O Beidellite and nontronite 
Nontronite Fe,O,; + 3510. +» XH,O formanisomorphousseries 
Montmorillonite ALO, « 4SiO, - XH.O | Alkalies or alkaline earths 





may be present in mont- 
morillonite, beidellite, and 
nontronite. 








Illite 2K,0 - 3MO-: 8R,0, + | Illite is a general name for 
| 24Si0, + 12H,O white micas in argillaceous 
materials having about 

this composition. 4 
*R.E. Grim, R. H. Bray, and W. F. Bradley, ““The Mica in Argillaceous Sediments, Amer. Mineral 
Vol. XXII, No. 7 (1937 


MATERIALS STUDIED 

The geographic location, stratigraphic position, and lithologic 

character of the samples studied are given in Figure 1 and Table 2. 

An attempt was made to select samples which represented a variety 

of lithologic types, many stratigraphic horizons, and in some in- 
stances the same horizon in different parts of the state. 


PROCEDURE 

The clay-mineral fraction of the limestone samples studied was 
obtained as follows: The samples were ground to pass a 20-mesh 
sieve and placed in a glass vessel containing two liters of distilled 
water. Chemically pure hydrochloric acid was added a few drops at 
a time until the limestone was dissolved. The solution and insoluble 
residue were then stirred vigorously and allowed to stand for five 
hours or longer when the suspended material was siphoned off. The 
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TABLE 2 


SAMPLES STUDIED 


Pennsylvanian 


Omega limestone; gray, fine-grained; from quarry west of Louisville 


I 
2. La Salle limestone; gray, fine-grained; from outcrop near Millersville 
3. La Salle limestone; nodular, gray; from quarry of Marquette Portland 
Cement Manufacturing Co., at Oglesby 
4. La Salle limestone; gray, argillaceous; from outcrop along concrete road 
north of Oglesby 
5. Shoal Creek limestone; gray; from quarry at Radom 
Mississippian 
6. Kinkaid limestone; dark gray, fine-grained; from sink hole north of 
Cobden 
7. Golconda limestone; dark gray, medium-grained; from outcrop near 
Pankey’s store north of Elizabethtown 
8. Golconda limestone; dark gray, medium-grained; from outcrop near 
Homberg 
9. Okaw limestone; light gray, coarse-grained; from basal layers in outer 
quarry at southern Illinois penitentiary, Menard 
10. Ste Genevieve limestone; light gray, odlite; from top 10 feet of stone in 
quarry of Anna Stone Company at Anna 
11. Ste Genevieve limestone; crystalline and odlitic, light gray; from quarry 
at Shetlerville 
12. St. Louis limestone; gray, conglomeratic or algal; from Caspar Stolle 
quarry at Falling Springs near East St. Louis 
13. St. Louis limestone; light gray, semilithographic; from quarry of Missis- 
sippi Lime and Material Co. at Alton 
14. St. Louislimestone; gray, fine-grained; from railroad cut south of Balcom 
15. Salem limestone; brown-gray, granular; from outcrop in Mississippi 


20. 





River bluff near south line, Monroe County 
Salem limestone; light gray, crystalline and odlitic, medium-grained; 
from railroad cut south of Kaolin 

Warsaw limestone; dark gray, argillaceous, fine-grained; from old cement 
rock quarries at Cement Hollow near Dupo 

Burlington limestone; white, crystalline, coarse-grained; from limestone 
mine at Marblehead 

Burlington limestone; buff, crystalline, medium-grained; from quarry 
along Fall Creek south of Quincy 

Burlington limestone; greenish white, glauconitic, crystalline, coarse- 
grained; uppermost strata of the Burlington formation in the quarry of 
the Monmouth Stone Co., north of Monmouth 

McCraney limestone; buff, semilithographic; from outcrop near Seahorn 
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TABLE 2—Continued 
Devonian 
22. Devonian limestone; gray, fine-grained; from quarry at Moline 
23. Backbone limestone; white, crystalline, medium-grained; from outcrop 
near McClure 
24. Bailey limestone; gray, siliceous, fine-grained; from outcrop in Mississippi 
River bluff north of Wolf Lake 
Silurian 
25. Niagaran dolomite; greenish, fine-grained; from basal beds in quarry of 
Lehigh Stone Company west of Kankakee 
26. Niagaran dolomite; gray, coralline; from quarry of Molding Brownell 
Company at Thornton 
27. Niagaran dolomite; buff, medium-grained; from abandoned quarry at 
Fulton 
28. Girardeau limestone; gray, fine-grained; from outcrop south of Thebes 
Ordovician 
29. Maquoketa limestone; pinkish, crystalline, coarse-grained; from quarry in 
reservoir hill at Stockton 
30. Kimmswick limestone; pinkish, coarsely crystalline; from railroad cut 
south of Thebes 
31. Galena dolomite; buff, crystalline, medium-grained; from quarry at 
Harlem 
32. Galena dolomite; buff, crystalline, medium-grained; from quarry immedi- 
ately northwest of Galena 
33. Platteville dolomite; buff, fine-grained; from quarry near Oregon 
34. Platteville dolomite; gray, fine-grained; from overburden in quarry of 
Aetna Silica Company near Ottawa 
35. Shakopee dolomite; gray, fine-grained; from outcrop near Utica 


material which settled was discarded as it was believed, on the basis 
of previous experience, that the suspended fraction would provide a 
representative sample of the clay mineral content. Enough ammoni- 
um hydroxide was added to the suspension to neutralize any hydro- 
chloric acid present and produce an alkaline condition. After stand- 
ing over night, the suspended material had usually flocculated and 
settled so that the supernatant liquid could be removed by siphon- 
ing. The solid material was recovered on a filter paper, thoroughly 
washed, and dried. 

Dolomites were treated in the same fashion as the limestones ex- 
cept that the vessel and its contents of dolomite and water were kept 
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hot, but below the boiling point, during the addition of acid to 
facilitate the solution of the dolomite. 

The clay-mineral fraction separated from some limestones and 
dolomites contained so much yellow or brown hydrated iron oxide 
that the fraction proved unsuitable for petrographic or X-ray 
studies. Such fractions were boiled in hydrochloric acid until the 
hydrated iron oxide dissolved, and then were filtered, washed, and 
dried. 

The size of the limestone and dolomite samples used in the fore- 
going process varied according to their probable content of non- 
carbonate constituents as judged by visual examination. No samples 
smaller than 200 grams were employed and in the case of some very 
pure limestones as much as 500 grams was dissolved. 

It is well known that kaolinite and the micas are relatively in- 
soluble in hydrochloric acid. Data’ based on the activation of 
bleaching clays indicate that the montmorillonite-beidellite type of 
clay mineral is somewhat affected by boiling hydrochloric acid. In 
the samples which were boiled in acid to remove the hydrated ferric 
oxide, therefore, some montmorillonite-beidellite may have been 
dissolved, but probably not a sufficient amount to greatly distort 
the true composition of the samples. It is believed that the pro- 
cedure used for the other samples did not dissolve an appreciable 
amount of any constituents. 

The mineral constituents were identified on the basis of micro- 
scopic and X-ray analyses. Microscopic analyses were made on all 
samples using magnifications up to 1,000X. Particles larger than a 
few microns in diameter were identified individually by their optical 
characteristics. Smaller particles tend to regularly aggregate to- 
gether and these aggregates remain when mounted in index of 
refraction liquids. It is, consequently, possible to obtain some infor- 
mation on the indices of refraction and birefringence of the con- 
stituent minerals from the optical data for the aggregates, even 
though the particles are too small to be studied individually. Be- 
cause certain of the clay minerals differ from each other in some of 
their optical values, suggestions of mineral constitution can be ob- 

3 A. Voigt, “Uber die Chemie der Bleicherden,” Fett. Umschau, Vol. XLII (1936), 
PP. 49-52. 
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tained from such data. However, optical analyses are occasionally 
inadequate for identification of the finest constituents because of a 
too complex mixture of clay minerals or because of the presence of 
an abundance of quartz. Thus the presence of beidellite in small 
amounts cannot be detected in the presence of several other clay 
minerals, particularly illite, and an abundance of very fine quartz 
often makes impossible the detection of small amounts of kaolinite. 

X-ray analyses of most samples were made on flake-shaped aggre- 
gates produced by careful drying. The analytical advantages of this 
method have been described previously.4 Occasionally insufficient 
material was available, so that only powder-diffraction diagrams 
could be employed. 

Lines of approximately equal intensity at 7.1 A and 3.56 A were 
accepted as evidence of the presence of kaolinite, and lines of ap- 
proximately equal intensity at 10 A and 3.32 A with a weaker line at 
4.98 A were accepted as evidence of the presence of illite. In some 
instances the illite lines were speckled with diffraction spots resulting 
from larger mica particles. 

In every sample sufficient quartz was present to give the line at 
3.34 A, and frequently the line at 4.25 A appeared also. In mixtures 
of quartz and illite the 3.34 A and 3.32 A lines were not clearly re- 
solved, but because of the consistently larger particles of quartz and 
its lack of any tendency to preferred orientation, both could be 
readily identified. 

MINERAL COMPOSITION 

The clay-mineral constituents of the limestone and dolomite 
samples investigated are listed in Table 3. The relative abundance 
of the clay minerals is also indicated in Table 3. For example, in 
sample 17 illite and kaolinite are about equally abundant; in sample 
5 kaolinite is slightly more abundant than illite; in sample 1 kaolinite 
is much more abundant than illite. No attempt was made in this 
initial study of limestone residues to gather data either on the exact 
quantitative abundance of the clay minerals or on their size dis- 
tribution. 

4G. L. Clark, R. E. Grim, and W. F. Bradley, “Notes on the Identification of 
Minerals in Clays by X-ray Diffraction,” Zeit. Krist. (A), Vol. XCVI (1937), pp. 322-24. 


’ Grim, Bray, and Bradley, op. cit. 
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Mississippian 


Upper Mississippian 


Lower Mississippian 
10. Ste Genevieve: illite 
11. Ste Genevieve: illite 


Devonian 


Silurian 
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15. Salem limestone: illite 


16. Salem limestone: illite 


18. Burlington limestone: 
19. Burlington limestone: 
20. Burlington limestone: 
21. McCraney limestone: 
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T 


CLAY MINERAL CONSTITUENTS IN SAMPLES STUDIED 


1. Omega limestone: kaolinite A*, illite C 

. La Salle limestone: kaolinite A, illite C 

. La Salle limestone: kaolinite VC, illite A 
. La Salle limestone: illite A, kaolinite VC 
5. Shoal Creek: kaolinite A, illite VC 


6. Kinkaid limestone: illite 
7. Golconda limestone: illite A, kaolinite A, beidellite (?) 
8. Golconda limestone: kaolinite A, illite R 

g. Okaw limestone: kaolinite A, illite C 


Tr2. St. Louis limestone: illite, kaolinite (?) 
13. St. Louis limestone: illite A, kaolinite VC 
14. St. Louis limestone: illite A, kaolinite R 


17. Warsaw limestone: illite A, kaolinite A 


illite 
illite 
illite 
illite 


22. Devonian limestone: illite A, kaolinite VC 
23. Backbone limestone: illite, beidellite (?) 
24. Bailey limestone: illite A, kaolinite C, beidellite (?) 


25. Niagaran dolomite: illite, kaolinite (?) 

26. Niagaran dolomite: illite, kaolinite (?) 

7. Niagaran dolomite: illite A, kaolinite A 

8. Girardeau limestone: illite A, kaolinite VC 


* A=abundant; VC =very common; C =common; R =rare. See also p. 835, “Mineral Composition.” 
t Clay minerals were so scant that relative abundance could not be evaluated. 


ABLE 3 


A, kaolinite C 
, beidellite (?) 


A, kaolinite R 
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TABLE 3—Continued 
Ordovician 

29. Maquoketa limestone: illite 

30. Kimmswick limestone: illite 

31. Galena dolomite: illite 

32. Galena dolomite: illite 

33. Platteville dolomite: illite 

34. Platteville dolomite: illite 

35. Shakopee dolomite: illite 


The finest fractions of the insoluble residues of all samples con- 
tained quartz in addition to the clay minerals. Data at hand indicate 
that the quartz is commonly present in grains with a minimum 
diameter of considerably less than one micron. Studies designed to 
completely characterize the whole mineral composition of specific 
calcareous formations should include the investigation of the relative 
abundance and size-grade distribution of this constituent. 

Limonitic material and organic material are not noted in Table 3. 
They were present generally in only very small quantities, although 
occasionally their abundance was of sufficient magnitude to render 
difficult the identification of the clay minerals. 

All samples contained a small amount of a constituent which 
could not be identified positively by optical or X-ray analysis. It 
occurred in light-green, isotropic or faintly anisotropic, equidimen- 
sional particles about 1 or 2 microns in diameter with m about 1.60. 
It is believed to be a reaction product, possibly a chloride, formed 
during the extraction of the carbonate. 

In order to identify the white-mica constituent as illite,° the 
mineral was purified from several samples (4, 24, 33) by obtaining 
large amounts of insoluble residues, by sedimentation to remove most 
of the quartz, and by supercentrifuge fractionation.’? The chemical 
composition (Table 4) of the purified mica is similar to that of illite; 
optical and X-ray determinations are likewise similar. The similar- 
ity of chemical compositions is best shown when computed on a 
quartz-free basis (X-ray and optical data show the presence of 


6 Thid. 
7R.H. Bray, R. E. Grim, and P. F. Kerr, “Application of Clay Mineral Technique 
to Illinois Clay and Shale,” Geol. Soc. Amer. Bull. 46 (1935), pp. 1909-26. 
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quartz in the sample analyzed) on the assumption that the mineral 
has a SiO, to R,O, ratio of 3. This assumption is warranted on the 
basis of X-ray data which indicate that quartz is much less abundant 
than would be required by a ratio of 2. 

The situation regarding the use of the name beidellite is more 
complex than one would gather from the literature. According to 
Hofmann, Endell, and Wilm,* beidellite and montmorillonite have 


TABLE 4 


CHEMICAL ANALYSES* 





Constituent I 3 4 
SiO, 56.14 49.38 50.10 51.22 
ALO, | 21.55 | 25.17 | 25.12 25.91 
FeO, s.12 4.59 

on 2.600 21 < : 
FeO od sci 1.52 1.70 
MgO 2.88 3.37 3.93 2.84 
CaO 44 S51 35 16 
Na,O 00 77 OS 17 
KO 6.20 7.24 6.93 6.09 
TiO, 95 I. 1! 50 53 
H,0 7.06 8.24 6.82 7.49 
Total 99.48 100.00 100.44 100.70 





* Analyses made under the supervision of O. W. Rees, associate chemist, Illinois State Geological 
Survey 


1. Purified fraction of insoluble residue sample ro (Table 2). Platteville dolomite, near Oregon, Ill 
2. Analysis (1) computed on quartz-free basis 

3. Illite, fine colloid fraction, Maquoketa shale (Grim, Bray, and Bradley, op. cit.) 

4. lllite, fine colloid fraction, Pennsylvanian underclay (Grim, Bray, and Bradley, op. cit 


the same lattice structure, and, consequently, beidellite possesses 
an expanding lattice structure. Previous to the work of Hofmann 
el al. much material was described by various workers as beidellite 
on the basis of optical, chemical, and X-ray data for which the 
property of an expanding lattice was not considered. Earlier X-ray 
work on powder diffraction patterns made with MoKa radiations did 
not explore the region above ro A, and it is in this region that 
evidence for an expanding lattice exists. A re-examination of some 
of the earlier beidellite on the basis of patterns showing the region 


8 A. Jacob, U. Hofmann, H. Loofmann, and E. Maegdefrau, “‘Chemische und rént- 


genographische Untersuchungen iiber die mineralische Sorptionssubstanz im Boden,”’ 


Beth. zud Z. ver. dsch. Chem., No. 21 (1935), pp. 11-19. 
5)5 PE 
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above 10 A has revealed many cases in which there is no basal reflec- 
tion corresponding to a variable c dimension. Much material which 





has been described as beidellite, therefore, shows no evidence of an 
expanding lattice, and it is questionable whether the name should 
be so limited. 

The character of the material herein investigated did not permit 
the determination of evidence for the presence of any constituent 
with an expanding lattice. The re-examination of earlier beidellite 
had shown also that much of it yielded no basal reflections. This is 
interpreted as resulting from particles so finely cleaved that the 
thickness of an individual is no longer great enough to cause a 
diffraction line, whereas the greater area of the cleavage flakes still 
permits the diffraction by the prismatic planes. In this study beidel- 
lite has been designated in those samples whose diffraction patterns 
show prismatic reflections inordinately strong in comparison with 
the basal reflections of kaolinite and illite on the same film. In those 
instances where the presence of beidellite is indicated, it is reason- 
ably certain that material of the character noted exists, but very 
small amounts of such material might easily have been overlooked 
in other samples. 

The exact characterization of beidellite awaits further research. 
In the meantime it is believed desirable to designate as beidellite (?) 
the material encountered herein. 

SIGNIFICANCE OF RESULTS 

Authigenic character of illite —The presence of illite in every lime- 
stone and dolomite studied, and its occurrence as the most abundant 
clay mineral constituent in most of them, is significant. Kaolinite, 
the only other important clay mineral constituent, is not always 
present and frequently in relatively small amounts. 

Consideration of the common occurrence of illite in the limestone 
and dolomite samples leads to the concept that a part, probably a 
large part, of it is authigenic. Illite is not an end product of weather- 
ing, but tends to weather relatively easily into other constituents.° 
Therefore it is difficult to defend the postulate that a large land area 


9R. H. Bray, R. E. Grim, and M. M. Leighton, “The Weathering of Loess in 


Illinois” (MS). 
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which has undergone considerable weathering could supply debris 
composed only of illite to an area of accumulating sediments even 
though the parent rocks in the source area were composed only of 
illite. Such a source area would surely supply other clay-mineral 
constituents resulting from the weathering of the illite. The source 
area for materials which when deposited yield relatively pure lime- 
stone will normally be large and well weathered, and hence, when 
illite is supplied by such an area, other clay minerals should also be 
provided. Since many limestones examined contain only illite, the 
conclusion follows that some of it has formed from the other con- 
stituents supplied by the source area. Either the source area for 
some unusual reason supplied only illite, or the beidellite and other 
clay minerals which might be expected from the source area have 
been altered to authigenic illite. 

Assuming for the moment that a land area surrounding a large 
region of limestone accumulation can exist which would yield only 
illite as the clay-mineral constituent in the eroded material, it is 
nevertheless unbelievable that such conditions should exist as 
generally as is required by the presence of the mineral in every 
sample studied. 

The presence of authigenic white mica (illite) in limestones indi- 
cates that the mineral can form in an environment of limestone ac- 
cumulation. An alkaline environment is, therefore, shown to be suit- 
able, which agrees with Noll’s'® conclusion based on synthesis ex- 
periments. Noll’s data would suggest also that the kaolinite in the 
limestones is detrital. 

Relation of clay-mineralogy data to geologic history.—Full con- 
sideration of this subject, which, of course, is an ultimate aim of the 
petrologic study of argillaceous materials, must await further data 
on the factors determining the origin, distribution, and alteration of 
the clay minerals. However, as such information is rapidly accumu- 
lating, it is not now out of place to point out the character of the in- 
terpretation which may be placed on such data. 

According to modern soil science, climate is the most important 
factor controlling products of weathering. In a relatively low flat 
area which has been subjected to long-continued weathering, such as 


10 W. Noll, “Uber die Bildungsbedingungen von Kaolin, Montmorillonit, Sericit, 
Pyrophyllite, und Analcim,” Min. u. Pet. Mitt., Vol. XLVIII (1936), pp. 210-46. 
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the areas which are normally postulated as inclosing regions of lime- 
stone accumulation, the weathering product is determined, there- 
fore, largely by climate. Limited data suggest that, other factors 
being equal, the kaolinite type of clay mineral develops under warm 
to hot climatic conditions, whereas the beidellite type of clay 
mineral forms as the weathering product in temperate regions. 
Further, it may be assumed primarily on theoretical structural 
ground that kaolinite cannot be readily transformed diagenetically 
into mica, whereas beidellite can be so transformed. It is likely, 
therefore, that kaolinite is detrital in the sediments studied. On this 
basis the absence of kaolinite in certain Mississippian formations 
and its presence in others is significant, if it is assumed that the clay 
minerals noted (Table 3) are formational characteristics of the 
Mississippian limestones. Thus it may be concluded that the source 
area of the Mississippian limestones included hot and temperate 
regions except during the periods when no kaolinite was deposited. 
At such times no areas having a hot climate were contributing sedi- 
ments to the Illinois region. 

Other possible explanations of the absence of kaolinite in the 
Mississippian formations are not very plausible. The postulate of a 
source area containing illite which weathered to kaolinite is un- 
tenable because, in such an event, kaolinite should be most abundant 
in the lowermost formations and present in all of the formations. It 
is conceivable, although not likely, that the kaolinite may have been 
derived from a source area containing beds of kaolinite clay which 
were only periodically in the drainage area of the Mississippian seas. 
This involves, however, undemonstrated drainage variations or 
crustal movements repeated several times and each time in exactly 
the proper manner to eliminate the kaolinite areas. 

Value of clay mineral data for correlation.—The data presented in 
this paper are too meager to permit positive statements regarding 
the value of the clay minerals in limestones as a basis for strati- 
graphic correlation and identification. However, certain striking and 
very suggestive observations are indicated by the information in 
Table 3 as follows: 

1. Illite is present in all samples and therefore does not appear to 
be of diagnostic value. 
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2. Kaolinite is the dominant clay mineral in the Pennsylvanian 
samples. 

3. The St. Louis limestone contains kaolinite whereas the Ste 
Genevieve and Salem limestones, lying respectively above and below 
it, do not. 

4. The Ordovician limestones and dolomites contain no kaolinite 
and only one sample contained clay minerals other than illite. 

The study of many more samples is necessaty to determine 
whether these observations apply generally. It is worthy of empha- 
sis, however, that the kind and relative abundance of the clay 
minerals in limestones may prove to be a character of value for cor- 
relation purposes. Kaolinite, because of its probable detrital origin, 
may prove to be of particular significance. 

Value of clay-mineral data in economic geology.—Information 
regarding the identity of the clay minerals present in limestones is 
essential in calculating free silica from a chemical analysis. Although 
the clay-mineral data do not make possible evaluation of the amount 
of silica combined in minerals other than clay present in limestone, 
they do permit a much more certain and accurate calculation of free 
silica in many cases, especially since the amount of non-clay silicates 
in limestones is usually small. 

It has been a common practice in calculating mineral composition 
from chemical analyses of limestones to assume that the clay mineral 
present is kaolinite. This mineral has a silica-to-alumina ratio of 2. 
This assumption would be incorrect for any of the samples reported 
in Table 3 as they all contain illite which has a silica-to-alumina 
ratio of 3. The magnitude of the error that would result if kaolinite 
were assumed to be the clay mineral constituent is shown by the 
following computations. A chemical analysis of a sample of Shako- 
pee limestone from the same area in which the sample reported upon 
in Table 3 was secured shows 16.10 per cent silica and 6.57 per cent 
alumina. Calculating the alumina to kaolinite accounts for 7.75 per 
cent of the silica; calculating the alumina to illite accounts for 11.63 
per cent of the silica. The amount of silica not used in these calcula- 
tions and probably mostly present as free silica is 8.35 per cent for 
the kaolinite calculations and 4.47 per cent for the illite calculations. 
A further economic use of clay-mineral data relates to the effects 
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of the weather, particularly moisture, on these minerals. This is of 
primary importance in the case of limestones which in use are to be 
exposed to the weather, such as road stone, building stone, concrete 
aggregate, and sewage filter stone. Montmorillonite has an expand- 
ing lattice structure™ so that it swells when wetted, and some beidel- 
lite possesses the same property. The kaolinite lattice does not ex- 
pand and the illite lattice probably does not expand. It is obvious, 
therefore, that when wetted a limestone whose clay-mineral content 
is kaolinite will be subject to little or no internal expansive forces 
resulting from the swelling of the clay mineral, but that if it contains 
beidellite the forces set up may be considerable. This situation is 
particularly significant in rocks whose clay minerals are localized in 
partings or bands. 

The clay-mineral illite is unstable’ under weathering conditions, 
especially in the presence of alkalies such as would be found in lime- 
stones, and commonly changes to beidellite. So far as is known there 
may be no volume change involved in the transformation but the 
illite loses alkalies, chiefly magnesium and potassium. These may in 
some cases form salts which produce efflorescence. The beidellite 
formed may expand when hydrated and might therefore set up 
strains in the stone. Kaolinite appears to be relatively more stable 
than illite. In general, therefore, a limestone containing kaolinite 
will be more resistant to weathering than one containing illite or 
beidellite. 

1 U. Hofmann, K. Endell, and D. Wilm, “Kristallstruktur und Quellung von Mont- 
morillonit,” Zeit. Krist., Vol. LXXXVI (1933), pp. 340-48. 


2 Bray, Grim, and Leighton, op. cit. 














THE MARINE CYCLE OF EROSION FOR A STEEPLY 
SLOPING SHORELINE OF EMERGENCE 
WILLIAM C. PUTNAM 
California Institute of Technology 
ABSTRACT 
Studies of shoreline physiography in the vicinity of Ventura, California, demonstrate 
a need for recognition of an erosion cycle for steeply sloping shorelines of emergence. 
No offshore bars have developed on this or many other emerged portions of the Cali- 
fornia coast. Their existence depends on a sea floor of gentle gradient. A steeply 
sloping emergent shoreline progresses through a distinct cycle which conforms to, but 
differs from, those previously described for submerged and gently sloping emerged 

shorelines. 
INTRODUCTION 

During a study of the shoreline physiography of the California 
coast in the vicinity of Ventura, it seemed desirable to develop a 
systematic basis for describing the changes this shoreline is under- 
going in its present erosion cycle. This coast is one of emergence, 
characterized by a series of shelflike terraces extending to a maxi- 
mum altitude of 1,400 feet and fronted by deep water close to shore. 
There exists clear evidence of recent uplift, but the shore forms differ 
markedly from the offshore bar type of the Atlantic Coast. In the 
sections to follow the sequential development of an emergent shore- 
line will be traced. The Ventura coast is used as an example and is 
first briefly described. 

THE VENTURA COASTLINE 

The California coast between the city of Ventura and the eastern 
limit of Santa Barbara County is one of emergence. The movement 
responsible for its elevation occurred within the late Pleistocene and 
followed a period of intense deformation that affected all the rocks 
of the region. This orogeny, termed the “‘Pasadenan”’ by Stille,’ was 
succeeded, before the coastal elevation, by a period of erosion which 
produced over a wide area a surface of low relief, named by Gale? 

t Hans Stille, “The Present Tectonic State of the Earth,” Bull. Amer. Assoc. Petrol. 
Geol., Vol. XX (1936), pp. 849-80. 


2U.S. Grant, IV, and H. R. Gale, “Catalogue of the Marine Pliocene and Pleisto- 
cene Mollusca of California and Adjacent Regions,” Mem. San Diego Soc. Nat. Hist. 
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Vol. I (1931), pp. 37-38. 
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the “Timber Canyon Surface.’ In this succession of Pleistocene 
events described by other workers? for similar sections of California, 
the most important from the standpoint of the present study was the 
intermittent uplift responsible for the marine terraces. 

The marine terraces are best preserved on the southwest slope of 
Rincon Mountain, 15 miles west of Ventura. Four major terraces 
are present and extend to approximately 1,300 feet above sea level, 
standing at average elevations of 1,300, 1,100, 800, and 500 feet, 
respectively. On account of the recent warping they have undergone, 
their average altitude is difficult to state with precision. As a result 
of this tilting the lowest terrace increases in elevation from 210 feet 
at its western end to 570 feet at the eastern, a rise of 360 feet in 3.5 
miles. This terrace is likewise the broadest, with a maximum width 
of 0.3 mile. It is fronted by a 570-foot sea cliff, the most precipitous 
of the series. 

One of the factors determining the physiographic development of 
this coast is the steep slope of the sea floor. Its gradient, at 1,500 
feet from shore, gives a depth of 35 feet, and 50 feet of water are 
found less than 3 mile from land. Furthermore, a moderate littoral 
current scours the bottom free enough of sediment to expose bare 
rock in places off the base of Rincon Mountain. 

In summary, the important features influencing the physiographic 
history of this coast are: (1) the great magnitude of recent uplift; 
(2) the intermittent nature and rapidity of this elevation; and (3) 
the steep gradient of the sea floor that permits direct wave attack 
upon the coast. 

The third factor has exercised the greatest influence. Apparently 
it determines whether the offshore bar cycle, as described by John- 
son,‘ or some other type of sequence will occur. This is illustrated 

’ Harold W. Hoots, “Geology of the Eastern End of the Santa Monica Mountains, 
California,” U.S. Geol. Surv., Prof. Paper 165 (1931), pp. 83-134; Andrew C. Lawson, 
“The Post-Pliocene Diastrophism of the Coast of Southern California,” Univ. Calif. 
Publ., Bull. Dept. Geol., Vol. I (1893), pp. 115-60; W. S. T. Smith, ‘““A Topographic 
Study of the Islands of Southern California,” Univ. Calif. Publ., Bull. Dept. Geol., 
Vol. II (1900), pp. 179-220; W. P. Woodring, “Fossils from the Marine Pleistocene 
Terraces of the San Pedro Hills, California,’ Amer. Jour. Sci., Vol. XXX (1935), pp. 
292-305. 

4D. W. Johnson, Shore Processes and Shoreline Development (New York: John Wiley 
& Sons, 1919), pp. 348-92. 
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by Figure 1, in which a series of profiles taken at various points 
along the coast of southern California are compared with Profile D, 
a typical Atlantic Coast example. It may be seen in the illustrations 
chosen for California that the critical depth of 50 feet is less than 
+ mile from shore, while in the case of the Laguna Madre bar on the 
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Fic. 1.—Comparison of submarine profiles off steep and gently sloping shorelines of 


emergence. 


Gulf Coast it is approximately 10 miles. In the more extreme exam- 
ple of Cape Hatteras it is necessary to go nearly 30 miles from shore 
before the same depth is found. Off the California coast a depth of 
3,000 feet is shown on Profile A at a distance of 6 miles from land. 
The importance of the depth of water in determining the nature 
of the emergent cycle was recognized by Cotton,’ and the name “‘two- 


5 C. A. Cotton, “Geomorphology of New Zealand,” New Zealand Board of Sci. and 
Art, Part I, chap. xxix (1926), pp. 421-30. 
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cycle’ coast was given to a terraced coastline. In his account no 
attempt was made to describe the changes undergone by such a coast 
in terms of a definite cycle. 


THE MARINE CYCLE OF EROSION FOR A STEEPLY SLOPING 
SHORELINE OF EMERGENCE 

The proposed cycle operates when an intermittently elevated and 
steeply sloping land mass is bordered by deep water close to shore. 
The beginning and end of the sequence harmonize with the estab- 
lished cycles of erosion for shorelines of emergence and submergence. 
The shoreline cycle begins when, as the result of crustal deformation, 
the sea floor has risen, or when a eustatic lowering of sea-level has 
occurred. Temporarily, it does not matter whether the emergence 
is accomplished in one or more stages. The sequence ends when the 
advancing sea has cut sufficiently far inland to destroy all remnants 
of the pre-uplift shoreline. 

EARLY YOUTH 

As soon as the coast shows appreciable modification it is in early 
youth. This occurs when a low sea cliff has been cut, and consequent 
streams which cross the newly exposed sea floor are entrenched as 
their length is decreased by the advancing sea. Smaller streams con- 


struct alluvial fans on the terrace surface. 


LATE YOUTH 

The shoreline is in late youth when the encroaching sea has con- 
sumed a significant portion of the emerged floor, perhaps about half 
the area between the sea cliff of early youth and the pre-uplift or 
highest shoreline (Fig. 2). The coast is backed by a sea cliff whose 
height is determined by the amount of original elevation, the initial 
slope of the sea floor, and the measure of retreat. Most of the larger 
consequent streams, having lowered their channels nearly to sea- 
level, have incised deep arroyos and barrancos across the terrace 
floor. As the alluvial fans, formed in early youth by smaller streams, 
are truncated by wave cutting, a composite cliff develops, exposing 


along its face a blanket of detrital material resting upon a rock 
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Fic. 2.—Stages in the marine cycle of erosion for a steeply sloping shoreline of emergence 
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bench.° Finally, a nearly balanced state between prograding and 
retrograding of the shoreline is reached. 
MATURITY 

The stages in the proposed sequence should correlate with those 
of other cycles. According to Johnson, a shoreline of emergence 
reaches maturity when the offshore bar is driven onto land, con- 
verted into dunes, and all trace of the lagoon or marsh behind it is 
destroyed. From this point a shoreline of emergence cannot be dis- 
tinguished from one of submergence in the same stage. The latter 
reaches maturity when the sea has cut far enough inland to remove all 
evidence of submergence, or as far as the innermost bay head. 

Maturity in the type of cycle here recognized is reached when 
waves once again attack the base of the pre-uplift sea cliff. All trace 
of the terrace then vanishes, and the height of the new sea cliff is 
added to that of the surviving remnant of its predecessor. 

Determination of maturity is a simple matter if only a single stage 
of uplift has occurred. But if uplift has been intermittent, as in the 
case of Ventura, the problem becomes more complex. For example, 
should there be two periods of uplift and should the lower terrace be 
consumed, leaving only the upper, at what time does maturity oc- 
cur? Would it be when the intermediate sea cliff is destroyed, or 
would this stage be delayed until the upper cliff disappears? 

The last alternative is favored because it seems the most practical 
answer. The conditions which have a relevant bearing on the prob- 
lem for most steeply sloping emergent coastlines are summarized as 
follows: (1) as a rule, the terrace remnants have a comparatively 
narrow lateral extent; (2) they were produced within a short time 
limit and are closely related; (3) the sea cliff behind the highest ter- 
race forms a definite upper limit to the entire series; and (4) there is 
no feasible way of determining whether any lower terraces have been 
destroyed. 

A steeply sloping shoreline of emergence reaches maturity in the 
cycle when not only the lowermost but also the uppermost terraces 
are destroyed, and the sea removes all trace of emergence. Should 

6W. M. Davis, “Glacial Epochs of the Santa Monica Mountains, California,” 
Geol. Soc. Amer., Bull. 44 (1935), Fig. 5, p. 1055; C. H. Clapp, ‘“‘Contraposed Shore- 
lines,” Jour. Geol., Vol. XXI (1913), pp. 297-306. 
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renewed uplift occur and a new terrace be exposed, the shoreline will 
be rejuvenated and will then return to early youth. As long as ter- 
races or former sea cliffs—save the highest—are present, the coast is 
in some stage of youth. 
OLD AGE 

During old age the character of the coastline is determined by dif- 
ferences in rock hardness and by the relief of the land mass under- 
going attack. From this point onward in the cycle, which has now 
lost its unique character, it is not possible to distinguish the coast- 
line from that of any other type in a similar stage. 


CONCLUSION 

According to the analysis outlined above, that part of the Ven- 
tura coastline on the seaward slope of Rincon Mountain is in late 
youth. When the shoreline has retreated 1.3 miles inland, it will 
then have reached maturity. 

A large part of the California coast has emerged recently, yet none 
of the emergent sections appear to be progressing through the sev- 
eral stages in the erosion cycle described for the Atlantic and Gulf 
coasts of the United States. The need is apparent for recognition 
of a cycle fulfilling the requirements imposed by a steeply sloping 
coastline of emergence undergoing direct wave attack throughout 
its erosional history. It is hoped that the proposed cycle will be 
recognized as operating under conditions not applicable to the off- 
shore bar cycle. It does not supplant the original cycle for coastlines 
of emergence but is a supplement to it. 
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THE SKULL STRUCTURE OF A NEW ANOMODONT 
EVERETT CLAIRE OLSON 
Walker Museum, University of Chicago 
ABSTRACT 

A new genus of anomodont, Brachyprosopus broomi, is described and figured. The 
genus is based on a skull from the Tapinocephalus zone of the Karroo System, South 
Africa. The extreme breadth of the skull in the temporal region and the dentition con- 
sisting of six or seven molars and a large canine are diagnostic of the genus. The form 
appears to be quite primitive in nature. 

INTRODUCTION 

Although skulls of anomodont reptiles from the Karroo System 
of South Africa are very abundant, it is seldom that the conditions 
of preservation make possible a detailed study of the brain case, 
occiput, and palate. A recently prepared specimen in the collections 
of the Walker Museum, University of Chicago, No. 1561, reveals 
much of the structure of these regions as well as that of the better- 
known dorsal and lateral surfaces. It is the purpose of this paper to 
make available for comparative studies the information derived from 
a study of this skull. 

The specimen was found on the Hottentots River in Cape Prov- 
ince, South Africa, associated with remains of pareiasaurs in the 
Tapinocephalus zone. The skull is somewhat distorted, the left zy- 
gomatic arch is incomplete, and the snout is slightly weathered. 
Only certain features of the snout and a small part of the palate 
cannot be made out with certainty. The sutures are filled with a 
green matrix and, for the most part, are quite clearly defined. 


DESCRIPTION 
BRACHYPROSOPUS, NEW GENUS 
TYPE.—BRACHYPROSOPUS BROOMI, NEW SPECIES 

Horizon and locality—Tapinocephalus zone, Hottentots River, 
1 mile southwest of locality where the main road crosses the river at 
Myburg’s. 

Diagnosis.—Skull broader than long. Parietal region broad, tem- 
poral arches much expanded. Pineal opening large. Parietal bones 
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long and narrow, preparietal large and rectangular, lacrimals large 
with single large lacrimal foramen, nasals restricted posteriorly. 

Occipital condyle composed largely of basioccipital. Prodtics 
small with shallow prodtic incisure. Internal auditory meatus high 
and narrow. Secondary palate small. 

Dentition confined to maxillaries, consisting of single, large, re- 
curved canine and six or seven small, conical molars in oblique row 
back of canine. 

BRACHYPROSOPUS BROOMI, NEW SPECIES 
TYPE.—UNIVERSITY OF CHICAGO, NO. 1561 

Diagnosis.—The only known species of the genus. Specific char- 

acters are described in Table 1. 


TABLE 1 
PRINCIPAL MEASUREMENTS 
Mm. 
Maximum length. About 140 
Maximum width. About 150 
Intertemporal width About 38 
Interorbital width . About 29 


Dorsal and lateral surfaces.—The positions of the eleménts of the 
dorsal and lateral surfaces are for the most part apparent in Figure 1. 
The condition of the anterior region is somewhat obscure because of 
weathering. 

The nasals differ somewhat from those of most anomodonts in that 
they are narrow posteriorly, but this same condition is found in 
Eosimops newtoni.' The preparietal is long and broad, being more or 
less rectangular in shape. It appears to surround most of the rather 
large pineal opening. The lacrimals are large and form much of the 
anterior margins of the orbits. Each bears a single, large lacrimal 
foramen. The premaxillaries were probably quite small but their 
exact limits cannot be determined on the dorsal surface. 

The other bones exposed on these surfaces are quite normal in 
configuration and need no additional description. 

Occipital region.—The occipital area is well exposed, and its 
structure may be readily understood from Figure 2. There is con- 

* Robert Broom, ‘‘On Some New Genera and Species of Amonodont Reptiles from 
the Karroo Beds of South Africa,’’ Proc. Zoél. Soc. London (1921), pp. 663-65. 
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siderable fusion of elements, making it impossible to determine the 
exact limits of certain bones. The interparietal and tabulars can be 
separated from the adjacent elements. The supraoccipitals, exoc- 
cipitals, and opisthotics are fused into a single plate. The basioc- 





Fic. 1.—Brachyprosopus broomi. Dorsal aspect of skull. Left side somewhat 
restored. fr, frontal; f /a, lacrimal foramen; in pa, interparietal; ju, jugal; /a, lacrimal; 
mx, maxillary; na, nasal; nar, naris; orb, orbit; pa, parietal; pf, prefrontal; pmx, pre- 
maxillary; po, postorbital; pof, postfrontal; pp, preparietal; sg, squamosal.  X §. 


cipital comprises almost all of the occipital condyle, the exoccipitals, 
which are separated from it by a suture, being virtually excluded 
from the articular surface. 

Palate.—The palate is quite similar to that described in various 
anomodonts. The anterior part is damaged by weathering so that 
the anterior margins of the premaxillaries cannot be seen. Just back 
of the weathered zone the premaxillaries pass between the maxillaries 
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to articulate with these bones, the palatines, and the prevomer. The 
maxillaries are broad and each carries a large canine tooth and a 
series of molars, six on the left and seven on the right. The molar 
teeth are simple cones. 





Fic. 2.—Brachyprosopus broomi. Palate and base of brain case. Right side and 
portion of basisphenoid-pterygoid contact partially restored. bo, basioccipital; bs, 
basisphenoid; ect, ectopterygoid; f ju, jugular foramen; f ov, fenestra ovale; int nar, 
internal naris; op, opisthotic; pal, palatine; pt, pterygoid; pv, prevomer; gu, quadrate; 
qu ram, quadrate ramus of the pterygoid; V//, external opening for cranial nerve VII. 
Other letters as in Fig. 1. 3. 

The palatines form a rudimentary secondary palate. Lateral to 
these lie the ectopterygoids which pass back to the pterygoids. The 
lateroanterior extension of each ectopterygoid forms the median rim 
of a deep pit which separates it from the jugal. This pit is consider- 
ably larger on the right side than on the left, but it appears to be a 
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natural feature and not one induced by crushing of the bones. The 
prevomer is a large, unpaired bone which articulates anteriorly with 
the premaxillaries by a complex suture. It forms a double plate pos- 
teriorly, the median opening continuing back to separate the 
pterygoids. 

At their anterior ends the pterygoids articulate with the ecto- 
pterygoids and perhaps with the palatines. They are in contact with 
the prevomers medially and for a short distance back of this bone are 





Fic. 3.—Brachyprosopus broomi. Occipital aspect. Left side partially restored 
fm, foramen magnum; so, supraoccipital; fa, tabular; X77, one of two openings for 
cranial nerve XII. Other letters as in Figs. 1 and 2. Xj. 


separated by a vacuity. Posterior to the vacuity they are in contact, 
but their median junction is marked by a suture. About 12 mm. 
back of the vacuity, the palate is badly damaged, and the relation- 
ship of the pterygoids and the basisphenoid is not clear. Most of the 
quadrate ramus of the right pterygoid is preserved. It is a long 
slender process which passes obtiquely back to the quadrate bone. 
Brain case.—The brain case, particularly the posterior part, has 
been exposed on the right side of the specimen. Only in the region of 
the sella turcica has it suffered sufficient damage to make interpreta- 
tion uncertain. 
The basioccipital, with the basal parts of the exoccipitals, forms 
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the occipital condyle, and the exoccipitals and supraoccipital com- 
plete the foramen magnum. The basioccipital passes forward to join 
with the basisphenoid, but the suture between the two is evident 
only on the floor of the brain case just in front of the internal opening 
of the jugular foramen. Back of the foramen are two openings for 
cranial nerve XII. 

The basisphenoid forms most of the large tubera which lie on the 
ventral side of the basicranium anterior and lateral to the occipital 





Fic. 4.—Brachyprosopus broomi. A: lateral aspect of brain case. B: medial aspect 
of brain case. a amp, anterior ampulla; c com, crus communis; de, ductus endolymphati- 
cus; fs sarc, fossa subarcuata; p amp, posterior ampulla; pro, proétic; ve, venous notch; 


V, incisure for cranial nerve V?»3. Other letters as in Figs. 1, 2, and 3. X 3. 
condyle. The tubera are grooved laterally and at the inner end of 
ach groove, in the opisthotic, lies a small, ovoid fenestra ovale. 
This fenestra communicates with the inner ear by means of a tube 
which opens into the base of the vestibule. Anterior to the tubera 
the basisphenoid passes forward to the region of the sella turcica, but 
its full extent cannot be traced because of breakage in this area. 
Dorsally it forms the median portion of the floor of the brain case 
but is overlapped laterally by the prodtics. 

The proétics are indistinguishably fused to the opisthotics. Each 
forms much of one lateral wall of the brain case and is joined to the 
basisphenoid by a suture. Just above this suture, on the lateral sur- 
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face of the wall, is a rather large opening for cranial nerve VII. This 
lies anterior and slightly dorsal to the fenestra ovale. The anterior 
margin of the proétic is marked by a shallow notch for cranial 
nerve V*’. Dorsal to this shallow incisure is a small notch which is 
presumably venous in nature. 

On the inside of the brain case the prodtic is somewhat restricted. 
It forms the lateral portion of the floor just in front of the internal 
auditory meatus and extends dorsally to meet the supraoccipital. 
The two bones are separated by a suture which runs from the venous 
notch to the dorso-anterior margin of the vestibule. 

The internal auditory meatus is triangular in shape and unusually 
high and narrow. It is bounded anteriorly by the prodtic, posteriorly 
by the opisthotic, dorsally by the supraoccipital, and ventrally by 
the basisphenoid. The vestibule is very deep and opens basally into 
the tube which leads to the fenestra ovale. It is separated from the 
jugular foramen by a sharp ridge of bone. There is no opening or 
notch in this ridge for the fenestra rotundum, and the position of this 
structure is uncertain. 

Just anterior to the jugular foramen, in the vestibular portion of 
the ear, is a deep pit for the posterior ampulla, and in a comparable 
position at the anterior end of the vestibule is a pit for the anterior 
ampulla. Midway between the two and somewhat dorsal to them is 
a depression for the crus communis. The courses of the semicircular 
canals are not known, since these structures are entirely encased in 
bone. A deep groove for the endolymphatic duct rises above the 
vestibule in the supraoccipital. Anterior to the duct is a very shallow 
subarcuate fossa lying partially in the proétic and partially in the 
supraoccipital. 

Above the prodtic the large supraoccipital forms the wall of the 
brain case. It extends dorsally to join the parietal, which is produced 
slightly ventrad. 

The epipterygoids are slender, platelike processes which rise above 
the pterygoids in the normal fashion and are entirely free from any 
contact with the proétics. Presumably they extended dorsally to the 
parietals, but it has been impossible to expose their upper portions to 
confirm this. 
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DISCUSSION 

In spite of certain apparent specializations such as the extreme 
width of the temporal region and the very short facial region, this 
skull appears to be rather primitive in nature. The prodtic is rela- 
tively small and the notch for cranial nerve V is shallow. The sub- 
arcuate fossa is poorly developed, and presumably the floccular por- 
tion of the brain was small. The inner ear lies high on the side of the 
brain case, and only the deep ‘‘well”’ of the vestibule appears to be 
a specialized feature. Nerve VII lies well in advance of the internal 
auditory meatus, an apparently primitive character. The endolym- 
phatic duct is not encased in bone as it is for most of its length in 
more advanced types. 

The epipterygoid is unspecialized. The palate is generalized, and 
the secondary palate is small. The presence of molar teeth on the 
maxillary also may be taken as an expression of the primitive nature 


of the skull. 

















THE CONTACT-METAMORPHIC DEPOSIT OF ROUND 
VALLEY, CALIFORNIA 


RANDOLPH W. CHAPMAN 
Vassar College 
ABSTRACT 


The Round Valley contact-metamorphic deposit is located in the Tungsten Hills 9 
miles west of Bishop, California. It consists of an elliptical-shaped roof pendant of 
altered sedimentary rocks entirely surrounded by granite. The sediments were origi 
nally limestones, argillaceous sandstones, and relatively pure sandstones. As a result 
of contact-metamorphic action by the granite, however, the sandstones have been 
changed to hornfels and the limestones to complex lime-silicate rocks and marble. 
The paragenetic relations are similar to those in certain other contact-metamorphic 
de posits. 


INTRODUCTION 

The contact-metamorphic deposit of Round Valley, located in the 
Tungsten Hills 9 miles west of Bishop, California, belongs to a large 
group of similar deposits scattered through the Great Basin region of 
southeastern California and western Nevada. These first became 
well known about twenty years ago, when they were found to con- 
tain tungsten in the form of scheelite. With the higher tungsten 
prices brought on by the World War, the attention of geologists and 
mining engineers was directed toward these deposits which were 
found profitable to operate even though some contained less than 
0.5 per cent of WO,. Those mines centered about Bishop, California, 
of which the Round Valley mine is one, were first described by 
Knopf" in a general way in 1917. Four years later F. L. Hess and 
E. S. Larsen published an account of the tungsten deposits of the 
United States? in which the geology of the Round Valley deposit was 
mentioned briefly. 

In the summer of 1934, at the suggestion of Professor E. S. Lar- 
sen of Harvard University, Dr. Harry Berman and the writer under- 
took a study of the Round Valley deposit. The plan was to examine 

t A. Knopf, “Tungsten Deposits of Northwestern Inyo County, California,” U.S. 
Geol. Surv. Bull. 640 (1917), pp. 229-49. 


2 “Contact-Metamorphic Tungsten Deposits of the United States,” U.S. Geol. Surv. 


Bull. 725-D (192%), pp. 245-300. 
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the nature of the altered sediments and to deduce those physical 
and chemical principles which had been operative in the contact 
metamorphism. This paper is a result of these investigations. Trav- 
eling expenses and the cost of the field work were financed by liberal 
grants from the Milton Fund and from the department of mineral- 
ogy and petrography at Harvard University. Also, thin sections for 
petrographic study were purchased through the generosity of the de- 
partment of mineralogy and petrography at Harvard. 

Because of more pressing work, Dr. Berman was unable to col- 
laborate with the writer in all laboratory investigations and in the 
writing of the report. The writer is very grateful to Dr. Berman, 
however, for his co-operation in the field, his assistance in some of 
the petrographic work, and his critical reading of the manuscript. 
Thanks are due also to Professor E. S. Larsen and Dr. Carleton 
Chapman, both of Harvard University, for their many helpful criti- 
cisms and suggestions. 


GENERAL GEOLOGY 

The contact-metamorphic deposit of Round Valley consists of an 
elliptical-shaped mass of altered sedimentary rocks entirely sur- 
rounded by granite. It lies on a northwesterly slope on the northern 
border of the Tungsten Hills. The body is 2,500 feet long and about 
950 feet across, and its longer axis trends slightly north of west. It 
was composed originally of beds of limestone and impure sandstone, 
but these have since been altered considerably by contact meta- 
morphism. The sedimentary body is cut by two andesitic dikes, each 
a few feet wide, which trend slightly north of west. 

The geological relations are shown on the accompanying map 
(Fig. 1). The data for this map were obtained not only from surface 
exposures but from two glory holes and several small prospect pits 
and tunnels along the northern edge of the body. The difficulty of 
distinguishing in the field between certain phases of the altered sedi- 
ments made the mapping difficult. In many cases microscopic work 
was necessary before boundaries could be drawn between different 
rock types. The writer believes, however, that the map is fairly ac- 
curate in representing surface conditions, although detailed work in 
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the pits and tunnels shows that conditions are somewhat different 
underground. 

Knopf? considered this isolated body of metamorphosed sedi- 
ments to be a “roof pendant’’—a remnant of the roof of a large gran- 
ite batholith. The junction of the granite with the roof rocks is ex- 
tremely irregular, and masses of the sediments project down into the 
granite. The present erosion surface is below the general level of the 
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Fic. 1.—Geologic map of the contact-metamorphic deposit of Round Valley, Cali- 
fornia. 
contact so that the long vertical projection of sediments occurs as an 
isolated body. It probably does not extend to a very great depth 
since relations in the tunnels and open pits around the edge indi- 
cate that at depth the contact between granite and sediments be- 
comes smaller in circumference. That this body is actually a roof 
pendant and not an inclusion is suggested by the fact that its strati- 
fication is parallel to that of other similar bodies near by. 

The mining at Round Valley was mainly of the open-pit type. The 
ore was excavated from one large and one small glory hole on the 


3 Op. cit., pp. 234-36. 
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north edge of the sedimentary body, between the granite and the 
marble (Fig. 1). A little ore was also mined from tunnels along this 
northern edge. At the time the present study was made, the mine 
had not been operating for a number of years although preparations 
were being undertaken to work the tailings. 

THE INTRUSIVE ROCK 

The body of metamorphosed sediments is surrounded on all sides 
by clean, white granite. This rock is a part of the great batholithic 
intrusion which forms the Sierra Nevada Range to the west, and 
which was emplaced some time in the late Jurassic. The contact of 
the granite with the sedimentary rocks is irregular, and tongues of 
the former penetrate far into the sediments. Near the eastern end 
of the sedimentary body, two tiny tongues of granite have reached 
the surface from beneath. Underground observations made along the 
northern edge of the sedimentary body further testify that the con- 
tact is irregular. 

For the most part the granite is medium-grained with crystals 
measuring from 1 to 5 mm. across. Locally, however, as near the 
northern edge of the inclusion, it becomes very coarse, probably due 
to late pegmatitic solutions rising along the contact between granite 
and sediments. At the surface the granite is deeply weathered and 
crumbles easily. 

An average mode (volume percentage) of the rock is shown in 


Table r. 


TABLE 1 
Per Cent 
Orthoclase and microcline......... 
Albite : 17 
Quartz 20 
Biotite 2 
Accessories I 
Total 100 


Accessory minerals include muscovite, apatite, titanite, magnetite, 
garnet, and chlorite. 
THE ORIGINAL SEDIMENTARY ROCKS 
The rocks making up the roof pendant are all of sedimentary 
origin. They have been folded and now strike essentially north- 
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south across the length of the pendant and dip to the west at angles 
of from 35° to 50°. They were originally limestones, argillaceous 
sandstones, and relatively pure sandstones. In the field all the sand- 
stones were grouped as one rock type. Since the sandy rocks are 
now changed to hornfels and the limestone is now represented by 
marble and complex lime-silicate rocks, we can work out in a general 
way the original stratigraphic section, assuming that there has been 
no repetition by folding (Table 2). 


TABLE 2 
Sediments Average Thickness in Feet 
Impure sandstone ‘a go 
Limestone. peed ig » yo 
Impure sandstone........ 350 
Limestone edad eatin . 970 
Impure sandstone. .. § ah ta . 280 


CONTACT METAMORPHISM 
GENERAL CHARACTER 

The contact metamorphism at Round Valley is the result of the 
intrusion of granite into sedimentary rocks. Hot liquids and gases 
emanating from the cooling granite found their way along the con- 
tact between granite and sediments and worked upward. Some 
penetrated along bedding planes and fissures in the sediments and 
thus worked their way far into the center of the sedimentary body. 
Where the solutions came into contact with beds of impure sand- 
stone they converted them simply to hornfels. The metamorphism 
in the limestone, however, is more variable and is arranged roughly 
in three zones: (1) zone of dark silicates (tactite); (2) zone of light 
silicates; and (3) marble zone. The zone of dark silicates, termed 
“tactite”’ by Hess‘ is the zone of most intense metamorphism and in 
general lies adjacent to the granite. The zone of light silicates is 
farther removed from the granite, as a rule, and shows a simpler 
chemical metamorphism. It grades into the marble zone which lies 
near the center of the metamorphosed body. The marble zone repre- 
sents that limestone which has been changed only by recrystalliza- 
tion. 


+F. L. Hess, “Tactite, the Product of Contact Metamorphism,” Amer. Jour. Sci., 
4th ser., Vol. XLVIII (1919), pp. 377-78. 
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HORNFELS 

Under the term hornfels are included all those metamorphic rocks 
in Round Valley which were derived from sandy sediments. These 
include micaceous hornfels, feldspathic hornfels, and dense quartzite. 
The micaceous hornfels is by far the most abundant, whereas the 
feldspathic type and the quartzite occur only as individual beds a 
few feet wide interstratified with the former. Because these beds 
are so thin, no attempt was made to separate them in the field, so 
they are not shown on the geological map. 

The hornfels varies greatly in appearance. Some specimens are 
medium-grained, brownish rocks with a distinctly granular texture 
and spangled with plates of muscovite and biotite. Others are dense, 
gray, and compact and resemble in outward appearance the dark 
silicate rocks to be described later. On the whole, there is a conspicu- 
ous lack of orientation, straining, or crushing in the hornfels indi- 
cating that it has not undergone regional metamorphism. Further- 
more, interbedded with the hornfels are thin layers of garnetized 
limestone—a rock which has been altered by contact metamorphism. 
These facts suggest that the hornfels was formed by contact meta- 
morphism contemporaneously with the alteration of the main lime- 
stone body. 

Although the mineral composition of the hornfels is variable, an 
average mode (volume percentage) would be somewhat as given in 


Table 3. 


TABLE 3 
Per Cent 
Quartz 55 
Biotite. 20 
Muscovite 20 
Accessories 5 
Total 100 


The ratio of the two micas varies considerably, some specimens con- 
taining no biotite, others no muscovite. The feldspathic hornfels 
contains large amounts of albite and less quartz, whereas the quartz- 
ite beds are nearly pure quartz. Among the accessory minerals 
limonite is outstanding. Other accessories include magnetite (alter- 
ing to limonite), pyroxene, zircon (?), pale-yellow chlorite, and green 
chlorite (from biotite). 
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ZONE OF DARK SILICATES (TACTITE) 





The zone of dark silicates, or the tactite zone, represents the outer- 
most band of altered limestone. In regard to width and distribution 
this zone is far from being uniform. For example, in the eastern half 
of the roof pendant the tactite zone attains a width of nearly 650 
feet. On the west side, however, near the marble, it is very narrow. 
On the northern side the zone has an intermediate width, although 
at one point there is no tactite at all and the zone of light silicates 
comes into direct contact with the granite. 

This variability in width of the tactite zone is due, probably, to 
two factors: (1) The limestone on the east end of the pendant was 
in immediate contact with the granite on the north and south, so 
that it was exposed directly to the action of solutions emerging along 
the granite contact. Similarly, that limestone on the northern edge 
was also exposed directly to the granitic solutions, but only from one 
side. On the west side, however, the limestone was separated from 
the granite by a thin band of hornfels which served as a barrier to 
metamorphism. (2) On the east and north sides of the pendant the 
metamorphism apparently progressed inward parallel to the bedding 
planes of the limestone. On the west side, however, the solutions 
were required to move across the bedding planes of both the horn- 
fels and the limestone. Since planes of stratification commonly serve 
as channels of easy migration for solutions, one would naturally ex- 
pect less complete alteration in the latter case. 

The tactite is a dense, compact rock varying in color from nearly 
black to gray, red, green, or brown. It is commonly coated with a 
thin film of yellow molybdite. The tactite is characterized by a com- 
plex mineralogy and contains the following diagnostic minerals: 
quartz, albite, oligoclase, garnet, vesuvianite, diopside, hornblende, 
titanite, and scheelite. Accessories include magnetite, limonite (from 
magnetite), muscovite, biotite, chlorite (from biotite), and chalced- 
ony. 

Quartz, albite, and oligoclase are the oldest minerals in the tactite. 
They occur in small amounts as crystals scattered through the rock 
where they were present originally as impurities in the limestone. 
Quartz is also present in late veins cutting many of the earlier min- 


erals. 
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Garnet is one of the earliest silicates of the tactite. It is especially 
abundant in the middle of this zone where it locally makes up nearly 
85 per cent of the rock. On the outer edge (near the granite) the 
garnet is less abundant, and may be almost completely replaced. by 
diopside. On the inner edge also, near the zone of light silicates, 
garnet is less abundant, its place being taken largely by vesuvianite. 
In the hand specimen the garnet is cinnamon-brown, although in 
thin section it is colorless. It has a refractive index of 1.760 and ¢ 
specific gravity of approximately 3.49, indicating a garnet high in 
calcium and aluminum and containing some ferric iron. 

Vesuvianite occurs principally on the inner edge of the tactite 
zone, where it takes the place of the garnet. It is found mainly as 
small grains scattered throughout the rock. Its mean index of 1.715 
indicates a composition high in calcium and aluminium and not 
greatly different from the garnet. That the vesuvianite and garnet 
are more or less contemporaneous in origin is shown by the fact that 
in some specimens vesuvianite cuts garnet and in others garnet cuts 
vesuvianite. 

Scattered unevenly throughout the tactite zone is a pale-green 
diopside. It is especially abundant on the outer edge of the zone 
where in places it makes up as much as 45 per cent of the rock. It is 
definitely later than the garnet as it occurs occasionally as veins cut- 
ting the latter. For the most part it is later than the vesuvianite al- 
though late veins of vesuvianite were found cutting the diopside. 
Chemically the diopside is a relatively pure calcium-magnesium sili- 
cate with a small percentage of ferrous iron as indicated by the fact 
that B = 1.690. 

Two sections showed small amounts of olive-green to dark-green, 
uralitic hornblende which was derived from the diopside. Titanite 
was found as distinct, euhedral crystals in several specimens and is 
apparently later than any of the above minerals. Scheelite is closely 
associated with the late quartz veins and is very erratic in its dis- 
tribution. It is found principally in that portion of the tactite nearest 
the granite on the north edge of the pendant. No original calcite is 
present in the tactite; calcite occurs only in veins and is the latest 


mineral to come in. 
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ZONE OF LIGHT SILICATES 

The zone of light silicates lies between the tactite and the marble. 
Its contact with the tactite is sharp and distinct, but the boundary 
between the light silicate zone and the marble is gradational. Like 
the tactite zone, the zone of light silicates is variable in width. In 
some places it is about 100 feet wide, whereas in others it does not 
exist at all. In addition, alteration to light silicate rock has taken 
place along some bedding planes more than along others. These rela- 
tions make it nearly impossible to plot in detail the distribution of 
this zone. Accordingly, on the accompanying map the distribution 
of the light silicates is shown more or less diagrammatically. 

The light-silicate rocks vary greatly in texture and color. Those 
high in silicates are fine grained, compact or fibrous, and light col- 
ored; those made up mainly of calcite are coarser grained, darker col- 
ored, and friable. Wollastonite and diopside are the important min- 
erals, although considerable garnet, vesuvianite, and calcite are pres- 
ent. 

Wollastonite, a simple calcium silicate, occurs as bunches of radi- 
ating fibers scattered throughout the zone. It is more abundant near 
the tactite boundary, and decreases in amount as the marble is ap- 
proached. The diopside is essentially the same as that found in the 
tactite. In the light-silicate zone, however, it is in smaller quantity 
although some of the crystals attain a greater size, especially when 
closely associated with wollastonite. The diopside is more uniformly 
distributed throughout the light-silicate zone than the wollastonite. 
Of the two minerals the wollastonite is apparently the older since 
bundles of its fibrous crystals seem to be penetrated and disrupted 
by crystals of diopside. 

In this zone vesuvianite is a common mineral. Cinnamon-brown 
garnet likewise may occur in abundance but only near the tactite 
border. As in the tactite zone these minerals are contemporaneous 
in age, and are the two oldest introduced minerals. Calcite is pres- 
ent in increasing amount as the marble region is approached. Minor 
accessories of the light-silicate zone include magnetite and apatite. 
Then, cutting all the other minerals, are veins of quartz and finally 
veins of calcite. 
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MARBLE ZONE 

The marble zone lies near the center of the pendant and represents 
that part of the limestone which was affected the least chemically 
by the metamorphism. As we have pointed out before, there is a com- 
plete gradation from light-silicate rocks into granular marble. The 
recrystallization of the limestone to marble took place apparently 
under slight stress, as the calcite crystals are commonly elongate and 
show parallel arrangement. Occasionally, along bedding planes in 
the marble, bunches of light-colored silicates occur. Then too, it is 
not uncommon to find large cinnamon-brown garnets, some two 


inches across, growing between two beds of marble. 


PHYSICAL AND CHEMICAL CHANGES DURING METAMORPHISM 
Three important points deserve consideration. In the first place, 
the fact that silicon, aluminum, iron, titanium, tungsten, and possi- 
bly magnesium decrease in amount away from the granite contact 
and finally give way to pure calcium carbonate, suggests that these 
elements were introduced, and that the metamorphic minerals did 
not form merely by the recrystallization of materials already present 
in the limestone. In the second place, the apparent replacement 
character of the deposit indicates that much lime and carbon diox- 
ide were freed during the metamorphism of the limestone, and these 
had to be removed in some manner. Finally, heat is a necessary 
condition in normal contact-metamorphism, but we know that heat 
travels very slowly by simple conduction. Accordingly, from the 
above facts, we must assume that the contact-metamorphism is 
largely the result of the action upon limestone of highly heated, 
chemically complex solutions emanating from the cooling granite. 
These metamorphosing solutions were squeezed originally from 
the cooling granite at depth, and rose along the contact between 
granite and sediments. The granite and even the pegmatitic phases 
along the contact were well crystallized at this time because it is 
not uncommon to find crystals of garnet, the earliest introduced 
mineral, replacing the feldspars. Fissures and bedding planes leading 
into the interior of the pendant served as channels along which the 
solutions worked their way, altering the rocks as they went. The im- 
pure sandstones, containing minerals which are not easily replaced, 
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were altered simply to hornfels. The metamorphism of the limestone 
was much more complex, however. 

The paragenetic relations of the more important minerals in the 
altered limestone were brought out in the preceding discussion. The 
mineralization took place in six stages as shown in Table 4. 


TABLE 4 
Order of Minera tion Minerals 
Calcite 
Original in sediments Quartz 
Feldspar 
Garnet (Ca, Al) 
Stage 1 Vesuvianite 
Wollastonite 
Stage 2 Diopside 
Hornblende (uralitic)* 
Stage 3 Titanite* 
\ccessories* 
Stage 4 Vesuvianite (in veins) 
Stace Quartz (in veins) 
Stage 5 : . 
Scheelite 
Stage 6 Calcite (in veins) 
* The exact sit the sequence of those minerals marked with an 


During the first stage of alteration the hot solutions entering the 
limestone were rich in silica, aluminum, and iron. These immediately 
attacked the limestone changing it to a garnet-rich rock, and releas- 
ing much calcium and carbon dioxide. The calcium and some of the 
carbon dioxide were carried away by the solutions, but most of the 
carbon dioxide probably either worked its way inward toward the 
center of the limestone body, or else rose to higher levels along bed- 
ding planes. Farther from the contact, i.e., on the inner edge of the 
tactite zone and throughout the light-silicate zone, vesuvianite was 
formed in preference to garnet. In the light-silicate zone, however, 
the solutions had become much depleted in aluminum and iron, and 
simple calcium silicate (wollastonite) became dominant over vesu- 
vianite. By the time the solutions had reached the center of the 
limestone body they had become so weak that no chemical alteration 





RANDOLPH W. CHAPMAN 


870 


could take place and the limestone was merely recrystallized to mar- 
ble. It is likely, also, that by this time the back pressure of the re- 
leased carbon dioxide had become sufficient to hinder migration of 
solutions in this region. 

The second stage is characterized by the formation of diopside. 
This mineral occurs in both the tactite zone and the zone of light 
silicates but is more abundant in the former, especially near the 


Round Valley, Calif 


Garnet (Ca, Al) 
Vesuvianite 
Wollastonite 


Diopside 
Hornblende (uralitic) 
Titanite 

Accessories 


Vesuvianite 


Quartz 
Scheelite 


TABLE 5 


Matehuala, Mexico 


Pyroxene (aluminous) 
Grossularite 
Vesuvianite 


Wollastonite 
Hedenbergite 
Andradite 
Hornblende (uralitic) 
Fluorite 

Quartz 

Sulphides (Cu, Fe) 


Metallic sulphides 
Quartz 


Garnet (red-brown) 


Dic ypside hedenbergite 


Vesuvianite 
Feldspar 

Quartz 

Scheelite 

Metallic sulphides 
Quartz 


Fluorite Calcite 

Calcite Calcite Calcite 
Prehnite 

Epidote 


Sulphides 
Laumontite 


granite contact where it has replaced much of the earlier garnet. 
Solutions bringing in the mineral were rich in calcium and magne- 
sium, much of which was derived from the limestone at depth during 
its replacement. It is probably incorrect to visualize this stage as 
being entirely distinct from the first stage. It seems more likely that 
it had already begun in the outer margin of the body before the first 
stage was completed. 

Then followed a stage during which the diopside was uralitized to 
hornblende, and titanite and other accessory minerals were intro- 


duced. The exact relation of these minerals to one another is not 

















CONTACT-METAMORPHIC DEPOSIT 871 


known. The fourth stage was one of fracturing and deposition of 
narrow veins of vesuvianite, whereas in the fifth stage solutions rich 
in silica and tungsten penetrated fractures, forming quartz veins 
bearing scheelite. Solutions charged with calcium and carbon diox- 
ide formed veins of calcite during the final stage of the mineraliza- 
tion. 

It is of interest to note that in certain other areas where limestones 
are invaded by granitic rocks the sequence of mineral development is 
similar to that at Round Valley. The deposit at Matehuala, San 
Luis Potosi, Mexico,’ and the one at Pine Creek, west of Bishop, 
California,® are two good examples, and in Table 5 these are com- 
pared with the Round Valley deposit. Although the mineral se- 
quence in all these localities is the same, there are some stages lack- 
ing in each. 

J. E. Spurr, G. H. Garrey, and C. N. Fenner, “Study of a Contact Metamorphic 
Ore-Deposit: The Dolores Mine, at Matehuala, $.L.P., Mexico,” Econ. Geol., Vol. VII 
(1912), pp. 444-84 


6 Hess and Larsen, op. cit., pp. 274-76. 











THE FORMATION OF BASALTIC LAVA FLOWS 


AUSTIN E. JONES 
Board of Water Supply, Honolulu, T.H. 
ABSTRACT 

The basaltic lava flows of rs Lassen and the Hawaiian Islands have three 
distinguishable surface textures. Aa lava has a texture resembling that of broken 
scoria, block lava has broken cleanly after congealing, and pahoehoe has a relatively 
smooth surface. Aa lava with channels is usually found on the steeper slopes, while 
pahoehoe lava with tunnels is usually found on the flatter slopes of Hawaii. The 
block lavas of Mount Lassen resemble shrinkage polyhedrons, with one or more aa 
or pahoehoe faces, violently disturbed while cooling. Flow units can be distinguished 
in recent flows and in the ancient flow lavas composing valley walls. Mixed contacts 
between aa and pahoehoe apparently show the effects of pressure in addition to the 
former fluidity. The first lava out of a vent is first to congeal and may be left exposed 
near by, at both sides of the flow. This effect should be considered in sampling; later 
lava appears near the front of the flow. Under certain conditions, successively later 
lavas might be found extending up the center of the flow to the vent. In Hawaii the 
vertically banded vesicular dike rocks found at slight depth, —- near former 
vents, closely resemble the horizontally banded vesicular rock of the flow lavas. Dikes 
found in deeply cut valleys rarely show banded arrangements of vesicles and are pre 
vailingly columnar in their structure. 

INTRODUCTION 

The writer was greatly interested in a recent paper on flow units 
in basalt,’ and its useful terminology for the study of lava flows. 
While one can agree generally with the conclusions of that paper, it 
is apparent that many additional facts and plausible suppositions 
might be incorporated in a review. The following observations were 
made in the course of field studies at Mount Lassen, California; at 
Kilauea, Hawaii; and on the island of Oahu.? 

The writer saw three eruptions during his sojourn on Hawaii. 
Many pahoehoe flows were seen in progress across the floor of Hale- 
maumau Pit in Kilauea Crater. Unfortunately the writer has never 
seen an aa flow in progress, but he has discussed these forms in the 
field with many original observers, and has seen them forming in 
moving pictures at Hawaii National Park Museum. Visits to the 
scenes of the pictures were made before and after viewing the pic- 
tures. 

*R. L. Nichols, ““Flow-Units in Basalt,” Jour. Geol., Vol. XLIV (1936), pp. 617-30 

? For guidance and suggestions in these studies my thanks are extended respectively 


to Mr. R. H. Finch, Dr. T. A. Jaggar, and Dr. C. K. Wentworth. 
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KILAUEA IN ACTION, 1931 AND 1934 


When a Kilauean eruption starts there is usually a “flash dis- 
charge”’ of about half of the erupted molten rock, accompanied by a 
great deal of gas. This flash discharge lasts from a few hours to pos- 
sibly a day, then activity lessens and the lava crusts over. Over this 
lava surface the volcano in slower tempo pours successive thin lava 
flows. These are on a smaller scale than the flows of the San Jose 
Valley, New Mexico, and smaller than many on the island of Hawaii. 
Most astonishing is the rapidity with which the lavas cool. Flung 
200 feet into the air from the fountains, molten rock starts from the 
vent a bright yellow orange; by the time (four seconds) it has reached 
the top of its trajectory, its surface has faded to cherry red, and by 
the time the fall ends it is often a dull red, or, if small enough in 
volume, it will blacken. 

As soon as the pool of lava has cooled to sufficient rigidity, other 
thin flows start covering the crust. Starting bright cherry red, they 
rapidly cool to darkness, holding their form. Suddenly from a weak 
point fresh molten lava will start pouring until it forms a leaf or flow 
unit 30-50 feet wide and long. The profile is variably convex, flat 
near the center, and quite steep where the rapidly stiffening lava 
has restrained it. Usually this outpouring is in a stream 5~10 feet 
wide and may be completed in from five to twenty minutes. During 
this time it has started to cool and solidify around the front, forming 
a dam back of which the lavas continue to pile up until lack of 
gradient prevents further flow. The unit may cool to blackness and 
stiffness so rapidly toward the stream that a small amount of lava 
may pile out on the new surface, forming a still smaller subsequent 
unit. Then, with the movement stopped, the stream fades in bright- 
ness. If the outbreak is small, it may be completely black, except for 
a fretwork of bright cracks twenty to forty minutes after the start. 
After this the next outbreak may be anywhere, usually on the weak- 
est side, which may not be at the lowest point. It is plausible to 
suppose that the larger pahoehoe flows have formed in this manner. 


LAVA SURFACES AND FORMS 


‘ 


To the writer the terms “aa’’ and “pahoehoe”’ describe textures of 


the cooled rock; the terms applied to flows refer to the predominating 
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surface texture. Nearly all flows seen by the writer are mixed types. 
Some pahoehoe flows are confused in their steeper parts by areas of 
aa and approximations to block lava. Aa flows have been noted to 
be variable in type. Conversations in the field with Dr. Jaggar indi- 
cate that aa forms grow rapidly at certain stages of the cooling 
process. He states that ‘‘aa forms blossom” right out of the viscous, 
partly congealed lava surface. Later, the jostling and working of 
the body of the flow breaks them loose and they form a rubble with 
distinct aa surfaces, which collects in hollows of the flow. This rub- 
ble may collect to depths greater than 10 feet in places and may form 
the cover of the greater part of the lava flow. It has been noticed 
that where this rubble has been deeply covered by successive flows, 
it has been lithified, partly by pressure and partly by slight cement- 
ing from percolating water. In the Honolulu water district pumping 
tests show that this aa rubble, combined with the usual cracks and 
joints in lava flows, is about as permeable as the coarsest gravel, hav- 
ing a coefficient of permeability of nearly 20,000. These conditions 
hold after hundreds of feet of lava overburden have been slowly de- 
posited, probably, during some hundreds of thousands of years. 
About half of the prehistoric Keamoku flow near Kilauea is 
covered with aa rubble, the rest of the area below 4,000 feet in 
elevation being covered with “‘aa blossoms” in place, i.e., connected 
with underlying masses of basalt. Other forms are block lava,‘ lava 
balls’ often 4—6 feet in diameter, and large slabs of lava that have 
been squeezed up from below, showing striations or grooves on their 
sides and having jagged aa tops. The writer has traversed many 
parts of this flow below 4,000 feet and has noted no tunnels or 
channels, but this does not hold true for all aa lava flows. The source 
is on the Mauna Loa northeast rift, below 10,000 feet elevation. 
Though the writer has never been at the source, it is probably simi- 
lar to the sources of the numerous flows that are found between 
the Puu Ulaula rest house at 10,000 feet and the summit of Mauna 
Loa. From their vents, which are nearly enclosed by irregular cres- 
3 Gallons per day per square foot, per 100 per cent hydraulic gradient. 


+R. H. Finch, “Block Lava,” Jour. Geol., Vol. XLI (1933), pp. 769-70. 


5H. T. Stearns and W. O. Clark, “Geology and Water Resources of the Kau Dis 
trict, Hawaii,” U.S. Geol. Surv. Water-Supply Paper 616 (1930), pp. 78, 110, 118. 
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centic and conic heaps of pyroclastic scoria, extend many meander- 
ing, depressed channels of pahoehoe lava. 

If the slope of the ground about the source is gentle, the lava may 
freeze in an unbroken crust to a sufficient thickness to hold up as the 
roof of a lava tunnel. As the front of the flow progresses to rougher 
and steeper terrains, the lavas are less likely to cool in place as 
pahoehoe and are less likely to develop tunnels. Generally speaking, 
lava flows on Hawaii are pahoehoe near the orifice and become aa 
after rapid progress over rough, steep ground has caused turbulence 
while near the congealing temperature. Undoubtedly other factors 
have their effects, but Emerson has shown that melted samples of 
pahoehoe when undisturbed recooled as pahoehoe, and when stirred 
recooled as aa lava.® Though this is not conclusive proof, it is the 
only effective experiment known to the writer since Dutton stated 
his theory of the cause of the physical difference between aa and 
pahoehoe.’ 

It may become possible to subdivide these types of lavas. At 
present a shelly pahoehoe, very fragile and unsafe to walk over, is 
found in parts of the summit crater of Mauna Loa. Its chief char- 
acteristic is large, irregular, domelike bubbles 2—6 feet in diameter, 
composed of lava a few inches thick. About half of these will bear 
a man’s weight. This is very different from the massive pahoehoe 
near and in the crater of Kilauea. 

There are indications from the Lassen volcanic area that block 
lava flows may solidify as some other type of flow and then break 
into blocks during further cooling. A 15-foot boulder was known to 
crack up during cooling.* The observations were made over too short 
a period for frost action to have caused the cracking. The mono- 
lithic boulder was hot when found; three or four days later it had 
shattered to a heap of blocks a foot or more across. In this area the 
writer has seen many kinds of surfaces on the lava-flow blocks, such 

6O. H. Emerson, “The Formation of Aa and Pahoehoe,” Amer. Jour. Sci., Vol. X11 
(1926), pp. 109-14. 


C. E. Dutton, “Hawaiian Volcanoes,” U.S. Geol. Surv. 4th Ann. Rep. (1884), pp. 
95-96; also quoted in C. H. Hitchcock, Hawaii and Its Volcanoes (Honolulu, 1909), p. 


’ B. F. Loomis, Pictorial History of the Lassen Volcano (California: Anderson Valley 


News Press, 1926) , p. 64. 
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as aa, pahoehoe, or striations, in juxtaposition with joint fractures 
on single blocks. The striations may be explained by assuming that 
the ribbon of lava squeezed up, later was divided by cooling joints 
and mixed with other blocks, possibly rolling with movements of the 
flow caused by shifting of the underlying, uncooled, mobile lava. 
These observations suggest that block-lava flows may form as fairly 
solid aa or pahoehoe lava flows. On further cooling below the con- 
gealing point, contraction of the lava develops cooling-joints which 
thus form separate blocks during heaving of the flow. 


SURFACES AND CONTACTS IN HAWAII 

Contacts between the pahoehoe flows of the islands of Hawaii 
and Oahu, so far as observed, agree with those described by Nichols. 
Some differences can be found between recent flows and those older 
flows that have been buried by several hundred feet of succeeding 
lavas. On the Oahu ridges large cracks may be found between flows; 
others of medium size are wide enough to admit a pencil or a match, 
while the finest are barely distinguishable by close scrutiny. Deep in 
the gulches the cracks are nearly all closed, suggesting that lack of 
pressure is a factor in their development. In these deep gulches the 
aa flows and rubble are tightly compressed but permeable. In all 
places the beds of aa rubble have a tendency to weather faster than 
the main sheets of the lava flows. Thus, many of the cliffs are given 
a stratified aspect by outstanding lava sheets and lenses. 

In one vertical exposure of about 350 feet at Makapuu Head on 
Oahu at least one hundred and twelve flow units were counted. 
Wentworth and the writer, following different routes in the field, 
divided these into eighteen different groups of flow units, but there 
was considerable disagreement as to the relative thickness of the 
groups. Since the two routes were 20-200 feet apart, the lensing and 
splitting of flows were found to have caused the difference. There 
was no apparent failure in detecting the somewhat oxidized bounda- 
ries. Even in Kilauea Crater on the island of Hawaii, where sheets 
might be expected to be continuous around the inside of Hale- 
maumau Pit, they are found to extend only around a relatively small 
fraction of the circumference. The wall appears continuously strati- 


fied; actually, it is a cross section of imbricated lava flows. 
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In the writer’s traverse at Makapuu Head the total pahoehoe 
had approximately twice the thickness of the total aa and aa rubble, 
and the solid aa had nearly twice the thickness of the aa rubble. The 
approximate figures are given in Table r. 

Such measurements have not been tried for any other sections. 
There are a few flows in other sections of Oahu that are five to ten 
times the foregoing maximum average thickness. In the writer’s 
traverse one aa flow varied from 8 to 12 feet in thickness, two 
pahoehoe flows were about 6 feet in thickness, whereas three pahoe- 
hoe flows were only 2 inches in thickness. Generally these thick 
flows tail out and are replaced by others in about 250 feet in each 
direction. The length undoubtedly depends upon the angle which 








TABLE 1 
| 
| | Total | Average 
5 ve | sayers ‘ e age 
Type | Thickness | Thickness Percentage 
Pahoehoe 04 230 2.4 66 
Aa 17 77 4.5 22 
Aa rubble 17 43 | 2.5 12 





the underlying edge or section makes with the axis of the flow. One 
case is known where a thick lava exposure extends for 1,000 feet or 
more, but this is exceptional for southeast Oahu. 


UNIT FORMS IN HAWAII 

The flow-unit designation is easily applied in Hawaii, with the 
addition that a single-unit flow is generally aa lava, and a multiple 
flow, or group of flow units, is generally pahoehoe lava. The writer 
believes that the block-lava flows noted in the Mount Lassen-Hat 
Creek district are probably both single and multiple. Certainly flow 
units would be hard to distinguish when hidden by either, or both, 
aa and block surfaces. Flow unit as a designation probably stops 
where two or more flows are considered to follow each other during 
the progress of one eruption.’ For example, an eruption occurred in 
» Dr. Jaggar’s method of protecting valuable property in the path of a lava flow is to 
force the flow to repeat itself over the less valuable areas. In this case artificial dis 
turbance such as blasting or bombing is to be used on the channels until a second flow 
is started from near the orifice. In the natural order of things it will take time for the 
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1880-81 from the northeast rift of Mauna Loa. The first flow was 
miles long to the southeast, then the channels near the orifice became 
clogged and a second much greater flow went to the north of the rift 
and thence toward Hilo. It is not, however, implied that flow units 
were lacking, for little in detail is known of the two flows. Descrip- 
tions of the Mauna Loa flow of 1935 indicate that there were numer- 


ous flow units of great irregularity.’° 


THE LAVA STREAM 

Observation suggests that lava tubes or tunnels are formed under 
special conditions. For tunnels to be built the lava must be quiet 
long enough for a strong crust to form. Then with a strong roof the 
lava will continue under cover, incidentally losing less of its super- 
heat. Otherwise the roof will fal] in and there will result an open 
channel, termed by Hawaiians mawat, a word which connotes flow- 
ing like water." This behavior would indicate that tunnels are re- 
lated to pahoehoe lava and gently sloping terrain. The writer, how- 
ever, has seen some relatively steep areas covered with pahoehoe 
lava that contained tunnels 10-20 feet wide. After a flow has sealed 
over and tunnels have formed, weak spots in the roof may make way 
for the production of two other formations. First, if the fluid pres- 
sure increases so as to lift a local section of weak roof, a pressure 
dome or schallendome may result. Second, when the tube is partly 
empty the roof may cave to form an entrance to the lava tube. In 
the first case, if the pressure is so great that the cracks are not self- 
sealed, a new flow unit may start; in the second, the hole and lava 
tube may provide an escape in either direction for a later flow unit or 
flow. For example, a place was found under the highway near Kapa- 
pala Ranch, Hawaii, either four flows had escaped successively 
through a hole into a tunnel, or the top flow had broken through 
three underlying flows to escape by that means. 


second flow to become as long and as threatening as the first, and, given sufficient time, 
eruptions come to an end. Thus, though valuable property could be protected over 
long periods of time, the mountain would tend to become steeper so that eventually 
it would become harder to divert the lavas. Bombing was tried by the U.S. Army in 
December, 1935, but the writer believes that the volcanic pressure was too nearly 
expended for the test to be decisive (see Volcano Letter, December, 1935). 


10 C. K. Wentworth, personal communication, 1936. 


™ Conversations with H. A. Powers, 1932. 
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When the surface manifestations of an eruption stop suddenly, 
the lava will continue down the tunnel until the fluid head is no 
longer great enough to force further progress at the lava front. As 
the tunnels are inclined, the liquid levels up the floor, meeting the 
roof of the tunnel in the downstream direction. Through a consider- 
able distance the tunnel is not narrowed by congealed lava, but by 
the level surface across the inclined, possibly quite variable, tunnel. 
For this reason the passable tunnel may not reach very near the 
front of the flow. If the eruption wanes, the tunnel may be filled by 
slowly flowing, rapidly cooling lava which will probably make casts.” 
Though this appears to be the explanation of the sealing of a lava 
tube, there are other unexplained features of fossil lava tubes. A 
section is known at Makapuu Head, Oahu, which, instead of being 
either homogeneous lava fill or banded flatly or concentrically, is 
banded excentrically about a focus near the top of the tube cast. The 
following explanation is suggested for such filling. The temperature 
of the lava bed was below the freezing-point of the lava. A flow unit 
just completed would hold the molten lava temporarily quiet and a 
layer of it would congeal. The influence of gravity would cause it to 
be thicker on the bottom and lower sides of the tube than at the top. 
The next flow unit would start and the lava move on, without re- 
melting any of the recently congealed lava. Each repetition of the 
process would leave the tube smaller until friction forced a new series 
of flow units to start elsewhere. 

Extensive pahoehoe flows may depend largely on the early forma- 
tion of tunnels. It is patent that these tunnels must prevent radia- 
tion of the lava’s superheat. This conservation of heat allows the 
lava to progress farther from the source than it otherwise would, and 
must also have a great deal to do with determining that the solidi- 
fied lava shall be pahoehoe rather than aa. 


SAMPLING A LAVA FLOW 

It is apparent that the method of sampling any lava flow for de- 
tection of possible petrologic variations that may have occurred 
during the progress of the eruption will vary with the type of flow. 
In the average Hawaiian flow of mixed types the first lava to reach 
22C, K. Wentworth, “The Geology of Lanai,” Bishop Mus. Bull. 24 (1925), p. 50; 
H. S. Palmer, “A Fossil Lava Tube,” Jour. Geol., Vol. XXXVIII (1929), p. 273. 
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the surface and to congeal is likely to be found nearest the vent. 
Sampling progressively downstream along either or both margins of 
the flow to the front, one encounters correspondingly later or 
younger lavas. If the eruption has died slowly, it may be possible to 
obtain still younger samples backward up the center of the flow to 
the very orifice. At the orifice, or vent, there should be no sudden 
change to dense, columnar, intrusive rock such as is found in many 
dikes. If obtainable here, samples should be vesicular and similar 
to the latest lava in the flow. The cooled intrustive rock should not 
be dense and columnar until a depth is reached at which pressure and 
possibly slow cooling have prevented expansion of the gas into bub- 
bles. 

The structure of dikes on Oahu has suggested the foregoing view." 
Foothill facets of the Koolau Range in the city of Honolulu indicate 
that that range was once much higher at the crest and possessed of 
regular constructional slopes. Dikes 2-50 feet wide, found near the 
present surface of these facets, are about as vesicular as the surround- 
ing lava flows. These dikes are to be distinguished only by the 
straightness of their courses, the vertical position of their banding, 
and their glassy edges. Other dikes in shallow gulches, possibly a few 
hundred feet below the former land surface, show combinations of 
banded vesicles and columnar jointing; the same applies to small 
sills. In the more deeply cut gulches and valleys, possibly as much 
as 1,000 feet below the old land surface, the dikes and sills found are 
almost entirely columnar. These differences have been noted in the 
field. Samples have been collected and a rough comparison of the 
vesicularity made. Enough is known about the ancient topography 
and the consequent depths of congealing magma to make a graphical 
presentation of the subject, and it indicates that Oahu basaltic 
magma required pressures of more than 450 feet of its own weight in 
order to be congealed into the dense, columnar, dike rock found in 


the deeper-cut valleys. 


13 H. T. Stearns and K. N. Vaksvik, ‘“‘“Geology and Ground Water Resources of the 
Island of Oahu, Hawaii,” Territory of Hawaii, Div. of Hydrography, Bull. 1 (1935),p. 20. 
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British Regional Geology: Scotland, the Tertiary Volcanic Districts. By 
J. E. Ricney. Edinburgh: His Majesty’s Stationery Office, 1935. Pp. 
115; figs. 57; pls. 9. 1s. 6d. 

The west of Scotland has long been famous in geologic literature for its 
igneous activity in early Tertiary times. Although many systems of pre- 
Tertiary rocks, from the pre-Cambrian to the Cretaceous, occur in these 
districts, they are more briefly described in this report than in the reports 
on certain other Scottish areas, and greater attention is given to the 
Tertiary igneous rocks. These are of exceptional interest, particularly be- 
cause of the striking patterns of concentric intrusives in what are termed 
central-intrusion complexes. Mull and Ardnamurchan may well be con- 
sidered the type cases of the ring-dike and cone-sheet complex, of which 
other examples are now being recognized in various parts of the world. In- 
tensive investigations of these remarkable Scottish complexes have solved 
many of the problems of this type of intrusion. The northwest-trending 
dike swarms are also noteworthy. The Arran swarm, 14.8 miles in breadth, 
contains 525 dikes aggregating 6,050 feet in total thickness, and indicates 
a crustal stretch of 1 in 14.4. 


» 


British Regional Geology: The Grampian Highlands. By H. H. Reap. 
Edinburgh: His Majesty’s Stationery Office, 1935. Pp. 81; figs. 25; 
pls. g. 1s. 6d. 

The Grampian Highlands of central Scotland are bounded by two great 
dislocations, the Highland Boundary fault and the Great Glen fault, 
which set off sharply this area of complex structure and difficult prob- 
lems. Both the stratigraphic succession of the pre-Cambrian rocks and the 
pre-Devonian structures, in spite of long-continued careful detailed study, 
are still sources of much debate and varied interpretation, well presented 
in this report. The recognized necessity of gathering a much greater body 
of accepted facts, even in this classic area of geologic research, before a 
near unanimity of opinion can be established, indicates how much work 
still remains to be done and how live the problems are at the present time. 
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882 REVIEWS 


The reviewer is impressed by the conciseness of this report, which 
passes over minor diluting and distracting details in favor of those ele- 
ments which are essential to a clear understanding of the general geology 
and regional characteristics of the area. In this respect the Grampian re- 
port may be merely carrying out the policy adopted for this admirable 
series of British regional geology booklets, but in any case it gives just 
what the general geologic reader most needs. The many black-and-white 
maps figured in the text are very practical. 


ay a es 


The titles of articles appearing in 127 periodicals covering engineering, 
technology, geology, physics, and chemistry are given in Current Titles, pub- 
lished monthly by Current Titles from Engineering Journals, 928 Broadway, 


New York. Subscription price: $3.00 per year; $0.30 per copy. 

















Aa lavas (A. E. Jones), 873 

Abrasion of sand grains in Mississippi 
River (R. D. Russell and R. E 
Taylor), 225 

Additive metamorphism, small grano 
dioritic blocks formed by (G. E. 
Goodspeed), 741 

Adjustment of calcium bicarbonate solu- 
tions, the rate of (A. Van Hook), 784 

Advance, the recent, of Blac k Rapids gla 
cier, Alaska (J. H. Hance), 775 

Alaska, the recent advance of Black Rapids 
glacier (J. H. Hance), 775 

Albite-oligoclase in the Black Mountain 
leucogranodiorite, Vt. (M.S. 
Church), 771 

Algae, fossil, from the Kundelungu series 
of Northern Rhodesia (B. E. Ash 
ley), 332 

Algoman granites (R. T. Chamberlin), 
072 

Allegheny erosion surface (W. S. Cole), 
145, 150 

Alling, H. L. Interpretative petrology of 
the igneous rocks. Review by F. J 
Pettijohn, 567 

Alluvial fan, profile of (W. C. Krumbein), 
586 

Alteration of the Lincoln sill (J. M. Tre 
fethen), 380 

Amerikanische Landschaft. Review by 
Jean Grace, 572 

Anderson, G. E. Cited on wear of sand 
grains (R. D. Russell and R. E 
Taylor), 226, 227 

Andesine-diabase in the Ritter region, 
Calif. (H. D. Erwin), 399, 406 

Andesites of Los Santos, Panama (D. F. 
MacDonald), 660 

Annealing of glass (J. M. Ide), 703 

Anomodont, a new, the skull structure of 
(E. C. Olson), 851 

Apophyses of the Black Mountain leu- 
cogranodiorite, Vt. (M.S. Church), 


765, 773 
Appalachian orogeny (R. T. Chamberlin), 
004 





INDEX TO VOLUME XLV 


Plateau, erosion surfaces of (W. S. 
Cole), 141 
Arabia, bas-relief drainage in Nejd (R. P. 
Miller), 432 
Araliaephyllum paluxyense Ball (O. M 
Ball), 530 
Argillaceous concretions in Fayetteville 
shale (A. W. Giles and A. M. 
Jones), 205 
Ascutney, Mount, dispersion of boulders 
in boulder train (W. C. Krum- 
bein), 590 
Ashley, Burton Edward. Fossil algae from 
the Kundelungu series of Northern 
Rhodesia (B. E. Ashley), 332 
Ashley, G. H. Cited on Appalachian pene 
plains (W. S. Cole), 141, 148, 156 
\sia: a regional and economic geography. 
By L. Dudley Stamp. Review by 
Jean Grace, 352 
\ssimilation, a process of diversification 
of igneous rocks (J. S. DeLury), 
351 
of rock by magma (C. N. Fenner), 
165 
Atlas for the geology of Szechuan Prov- 
ince and eastern Sikang. By H. C 
Tann and C. Y. Lee. Review by 
Jean Grace, 350 
Atwood, W. W., Jr Records of Pleistocene 
glaciers in the Medicine Bow and 
Park ranges, 113 
Authigenic character of illite in clays from 
limestones and dolomites of Illinois 
(R. E. Grim, J. E. Lamar, and 
W. F. Bradley), 839 
explosion breccias in northeastern 
Missouri (G. W. Rust), 71 
Autoclastics in northeastern Missouri 
(G. W. Rust), 71 
Avalanches, striations developed by (J. L 
Dyson), 549 


Ball, O. M. A dicotyledonous florule from 
the Trinity group of Texas, 528 

Barbour, G. B. Physiographic history of 
the Yangtze. Review by R. T. 
Chamberlin, 222 


833 








INDEX 


884 


Barton, D. C. Review of Internationaler 
Geologen und Mineralogen Kal- 
ender. By E. Beyenburg, 573 

Review of Reports on the geology of 

Cameron and Vermillion parishes. 
By Henry V. Howe et al., 109 

Basaltic lava flows, the formation of (A. E. 
Jones), 572 

Basement complex, Republic granite or? 
(C. A. Lamey), 487 

Basin and Range Province in New Mexico, 
a border feature of the : The ¢ eja del 
Rio Puerco, 1: Stratigraphy and 
structure (K. Bryan and F. T. 
McCann), 801 

Basins, Great Lakes, 
Shepard), 76 

Bas-relief, drainage lines in (R. P. Miller), 
432 

Bastin, E. S. Cited on Lincoln sill, Me. 
(J. M. Trefethen), 354, 359 


origin of (F. P. 


Beach pebbles, exponential curves ap 
plied to (W. C. Krumbein), 579 

Bear Creek Glacier, Park Range (W. W. 
Atwood, Jr a: 134 

Beartooth buttress, Livingston Peak area, 
Mont. (E. C. H. Lammers), 293 


Beartooth Mountains, Montana, petrology, 
structure, and relation to tectonics of 
porphyry intrusions in the (J. T 
Rouse, H. H. Hess, F. Foote, J. S 

Vhay, and K. P. Wilson), 717 

Mountains, Mont., structural geol 
ogy of the Livingston Peak area 
(E. C. H. Lammers), 268 

Plateau, Mont. (J. T. Rouse et al.), 
729 

Beaver Glacier, Park Range (W. W. At 
wood, Jr.), 137 

Jehre, C. H. Review of Economic geol 
ogy of mineral deposits. By E. R 
Lilley, 564 

Review of Erliuterung zur geolo 
gisch-morphologischen Ubersichts 
karte des nord-deutschen Vereis 
ungsgebietes. By P. Woldstedt, 
462 

Review of Grundziige der Geologie 
und Lagerstattenkunde Chiles. By 
J. Briiggen, 565 

Belt series in the Salmon River region, 


Idaho (R. A. Wilson), 203 


Belts, shifting orogenic, of the southern 


Canadian shield. Studies for stu 
dents (R. T. Chamberlin), 663 





TO VOLUME XLV 


Beyenburg, Edmund. Internationaler 
Geologen und Mineralogen Kal- 
ender. Review by D. C. Barton, 
573 

Big Creek Glacier, Park Range (W. W. 
Atwood, Jr 3 125 

Biotite in the Black Mountain leucograno- 

diorite, Vt. (M. S. Church), 773 

Vountain leucogranodiorite at West 

Dummerston, Vermont, a quantita 

tive petrographic study of the (M.S. 

Church), 763 

Black Rapids glacier, Alaska, the recent 
advance of (J. H. Hance), 775 

Blackwelder, Eliot. Cited on exfoliation 
(R. Farmin), 625 

Blondel, F. La Géologie et les mines des 
vieilles plateformes. Review by 
Jean Grace, 350 


Black 


Boulder train, dispersion of glacial boul- 
ders in a (W. C. Krumbein), 590 

Boulders of granodiorite, exfoliated (R 
Farmin), 626 

Bowen, N. L. Cited on magmatic differ 
entiation (C. N. Fenner), 158; (J.S 
DeLury), 389 

Brachyprosopus broomi 
(E. C. Olson), 851 

Bradley, W. F., R. E. Grim, and J. E. 
Lamar. The clay minerals in Illi- 
nois limestones and dolomites, 829 


from S. Africa 


3radley, W. H. Geomorphology of the 

north flank of the Uinta Moun 

tains. Review by W. E. Powers, 

346 : 

case of Bra hy prosopus 

(E. C. Olson), &s¢s 

British regional geology: The Grampian 
Highlands. By H. H. Read. Re- 
view by R. T. Chamberlin, 881 

Scotland, the Tertiary volcanic dis 
tricts. By J. E. Richey. Review by 
R. T. Chamberlin, 881 


Brain broomi 


Briiggen, Juan. Grundziige der Geologie 

und Lagerstiittenkunde Chiles 

Review by C. H. Behre, 565 

Creek Glacier, Medicine Bow 

Range (W. W. Atwood, Jr.), 120 

Bryan, Kirk, and F. T. McCann. The 
Ceja del Rio Puerco: A_ border 
feature of the Basin and Rang 
Provincein New Mexico, 1: Stratig 
raphy and structure, 801 


Brush 


Bushveld lopolith in problem of differ 
entiation (C. N. Fenner), 162 











~ 


~ 











> L ; 
Bysmachelys canyonensis 


‘alcareous 


‘anyada 


‘aves in lava (C 


turtle from 
S. Johns- 


, a nex 
the Pliocene of Texas (C 
ton), 439 

Fayetteville 
and A. M. 


concretions in 
shale (A. W. Giles 


Jones), 205 


‘alcite as a factor in the adjustment of 


calcium bicarbonate solutions (A. 


Van Hook), 784 
alcium bicarbonate solutions, the rate of 


a Ljustme nl of | \. Van Hook), 784 


‘aliche beds in Nejd, Saudi Arabia (R. P. 


Miller), 432 
uifornia Coast Range type, 
ustrated by a series 
3. L. Clark), 290 
he contact-metamor phi 
Round Valle y (R W 


S=o 


folding of the, 


of r v pe rime ni 





le 
t deposit of 


Chapman), 


VW esozot geology of the Ritter region, 
Sierra Nevada (H. D. Erwin), 391 
shoreline physiography (W. C. Put 
nam), 544 
anadian Shield, southern, shifting orogent 
belts of the Oludte for student 
(R. T. Chamberlin), 663 
las Milpas fault, N.M 
Bryan and F. T. McCann), 82 
Moquino fault, N.M. (K. Bryan and 
F. T. McCann), 822 
Navajo fault, N.M. (K 
F. T. McCann), 820 


(K. 


Bryan and 


‘apture of streams, types of (I. B. Cros 
by ), 460 
‘arapac e of Bysmachely canyonensts 


(C. S. Johnston), 446 


‘arbon dioxide as a factor in the adjust 


ment of calcium bicarbonate solu 


tions (A. Van Hook), 


754 


‘ataclastic metamorphism in the Ritter 


region, Calif. (H. D 
R. Swartzlow and W. D. 
Keller), 1o1 


Erwin), 307 


‘ayeux, Lucien Les Roches sedi 
mentaires de France—roches car 
bonatées (calcaires et dolomies) 
Review by W. C. Krumbein, 219 

‘ecil Park Glacier, Medicine Bow Range 


(WwW. W Atwood, Jr.), 12 
eja del Rio Puerco, the 
of the Basin and 
Vew Mexico, | 
structure (K 
McCann), 8o1 


: A border feature 
Range Province in 
Stratigraphy and 
Bryan and F. T 


INDEX TO VOLUME XLV 


Chamberlin, R. T 


Chapman, 


Chemical analysis of 





885 


Shifting orogenic belts 
southern Canadian shield. 
for students, 663 


of the 
Studies 

Review of British regional geology: 
The Grampian Highlands By 
H. H. Read, 881 

Review of British regional geology: 
Scotland, the Tertiary volcanic 
districts. By J. E. Richey, 881 

Review of East African plateaus and 
rift valleys. By Bailey Willis, 216 

Letter to the editor concerning 
(B. Willis), 336 

Review of the geological map: An 
elementary text book for students 
of geography and geology By 
K. W. Earle, 112 

Review of Great earthquakes. By 
Charles Davison, 574 

Review of Peary. By W. H 
O82 


Hobbs, 


Review of Physiographic history of 
the Yangtze. By G. B. Barbour, 


292 


Review of The structure of the Alps 
By L. W. Collet, 574 

Randolph W. The contact 

metamorphic deposit of Round Val 

ley, ¢ 


uifornia, 859 


the Lincoln sill 


(J. M. Trefethen), 370 
attack as an agent of exfoliation (R 
Farmin), 630 
composition of the igneous rocks of 
the Beartooth Mountains, Mont 
(J. T. Rouse et al.), 737 
data concerning pegmatite dike near 
Goudreau, Ont. (J. L. Lindner), 
s60 
variation in the Sudbury irruptive 
(T. C. Phemister), 27 
Church, Mary S. A quantitative petro- 
graphic study of the Black Mountain 
leucogranodiorite at West Dummers 
ton, Vermont, 763 
Cinnamomum paluxyense 
Ball), 534 


Ball (O. M 

Clark, Bruce L. Folding of the California 
Coast Range type illustrated by a 
series of experiments, 296 

Classification of marine shorelines, revised 

(F. P. Shepard), 602 

minerals in Illinois limestones and 

dolomites (R. E. Grim, J. E. Lamar 

and W. F. Bradley), 829 

Climatic effects on formation of Toreva 

blocks (Parry Reiche), 548 


Clay 





886 


Cloverleaf Glacier, Park Range (W. W. 
Atwood, Jr.), 131 

Coal in the Price formation, Va. (B. N. 
Cooper), 418 

Coast Range, California, type, folding of 
the, illustrated by a series of experi- 
ments (B. L. Clark), 296 


‘oastline, marine cycle of erosion (W. C. 
Putnam), 844 
‘ole, W. Storrs. Development and struc 
tural control of erosion surfaces, 141 
Modification of incised meanders by 
floods, 648 
‘ollet, Leon W. The structure of the 
Alps. Review by R. T. Chamber 
lin, 574 
‘ollins, W. H 


ruptive (T. 


~ 


~ 


~ 


~ 


Cited on Sudbury ir 
C. Phemister), 35 


~ 


‘olorado, Pleistocene, glaciation in the 
Medicine Bow and Park ranges 
(W. W. Atwood), 113 

‘omanchean, a dicotyledonous florule 
from the Trinity group (O. M 
Ball), 528 


~ 


Complex, basement, Republic granite or? 
(C. A. Lamey), 487 
Concretions in the Fayetteville shale (A.W 


Giles and A. M. Jones), 204 
““Conglomerate”’ 

northeastern 

Rust), 49 


(explosion breccia) in 
Missouri (G. W. 


Round 
Chap 


~ 


‘ontact-metamor phic deposit of 
Valley, California (R. W 
man), 859 


~ 


‘ontributions to Panama geology (D. F 
MacDonald), 655 


~ 


‘ontrol, structural, of erosion surface s, de 
velopment and (W. S. Cole), 141 
‘ooper, Byron N. The Price formation in 
the Draper Mountain area, Vir- 
ginia, 414 
‘ooper, John R. Geology of the southern 
half of the Bay of Islands igneous 
complex. Review by Jean Grace, 
401 
Labidosaurus, a mounted skeleton of 
(E. C. Olson), 95 
Copper, velocity of sound in (J. M. Ide), 
60904 
Coralloidal opal ic. @. 
W. D. Keller), ror 
Corbett, C. S. Cross-bedding and forma- 
tion thickness determinations, 89 


~ 


Co pe ; 


Swartzlow and 





INDEX TO VOLUME XLV 


Correlation, clay minerals an aid in (R. F. 
Grim, J. E. Lamar, and W. F 
Bradley), 841 

of granites of Southern Complex, 
Mich. (C. A. Lamey), 507 

of the Price formation, Va. (B. N. 
Cooper), 427 

Cranial morphology of a new gorgonopsian 
(E. C. Olson), 511 

Cretaceous age of porphyries, Mont. (J. T. 
Rouse ef al.), 736 

a dicotyledonous florule from the 
Trinity group (O. M. Ball), 528 
rocks in New Mexico (K. Bryan and 

F. T. McCann), 803 
shales in northeastern 
Reiche), 540 

Croneis, Carey Review of Devonian 
stromatoporoids of North America 
By W. A. Parks, 341 

Review of Procedure in taxonomy. 
3y E. T. Schenk and J. H. McMas 
ters, 344 

Review of Tertiary faunas: A text- 
book for oil field paleontologists 
and students of geology, Vol. I: 
The composition of Tertiary fau- 
nas. By A. Morley Davies, 342 

Review of Type invertebrate fossils 
of North America (Devonian), 
Unit 7), Ammonoidea. By A. K. 
Miller, 460 

and W. C 


Arizona (P. 


Krumbein. Down to 


earth Review by A. C. Trow 
bridge, 458 

Crosby, Irving B. Methods of stream 
piracy, 465 


Cross-bedding and formation thickness de 
terminations (C. S. Corbett), 89 

Crustal movement, Sierra Nevada pluton 
and (E. B. Mayo), 169 

Cryptovolcanic structures in southeastern 
Missouri (G. W. Rust), 48 

Crystal fractionation in magmatic differ 
entiation (C. N. Fenner), 158 

Cumberland Plateau, sinkholes of the (R. A. 
Laurence), 214 

Curves, exponential, sediments and (W. 
Krumbein), 577 


~ 


Cycle of erosion, the marine, for a steeply 
sloping shoreline of emergence (W. 
C. Putnam), 844 

Cyonosaurus longiceps, a new 
nopsian (E. C. Olson), 511 


gorgo 


Damping of vibrations in rocks (J. M 
Ide), 716 

















INDEX TO VOLUME XLV 


Daubrée, A. Cited on rounding of sand 
grains (R. D. Russell and R. E. 
Taylor), 227 

Davies, A. Morley. Tertiary faunas: A 
textbook for oil field paleontolo- 
gists and students of geology, Vol. 
I: The composition of Tertiary 
faunas. Review by Carey Croneis, 
342 

Davison, Charles. Great earthquakes. 
Review by R. T. Chamberlin, 574 

Deep Creek Ridge fault, Livingston Peak, 
Mont. (E. C. H. Lammers), 272 

Deformation in Livingston Peak area, 
Mont. (E. C. H. Lammers), 288 

DeLury, J. S. Heterogeneity of parent 
magma, 381 

Depositional modification of meanders by 
floods (W. S. Cole), 652 

Determinations, cross-bedding and forma- 
tion thickness (C. S. Corbett), 89 

Development and structural control -of ero 
sion surfaces (W. S. Cole), 141 

Devonian, Middle, of southern Indiana 
(D. G. Sutton and A. H. Sutton), 
320 

stromatoporoids of North America 
By W. A. Parks. Review by Carey 
Croneis, 341 

Diabase pegmatites in differentiation 
problem (C. N. Fenner), 159 
quartz-diabase group, Sudbury ir 
ruptive (T. C. Phemister), 2 

Vinal Haven, the velocity of sound 
in (J. M. Ide), 709 

Diastrophism in glaciated territory (F. P 
Shepard), 81 

Diatremes in southeastern 
(G. W. Rust), 49, 57 

Dickey, R. M. Cited on granite of the 
Southern Complex, Mich. (C. A 
Lamey), 490, 499, 500, 503 

Dicotyledonous florule from the Trinity 
group of Texas (O. M. Ball), 528 

Didelphidae, new marsupial from Ne 
braska (P. O. McGrew), 4409 

Didelphinae, new marsupial from Ne- 
braska (P. O. McGrew), 449 


Missouri 


Differentiation of igneous rocks (J. S. 
DeLury), 381 
magmatic, a view of (C. N. 
155 
as origin of the Lincoln sill (J. M. 
Trefethen), 375 
processes, Sudbury irruptive (T. C 
Phemister), 1 


Fenner), 


887 
Dikes of diabase at Sudbury (T. C. 
Phemister), 5 
in southeastern 
Rust), 56 
Dilation as agent of exfoliation (R. 
min), 631 


Missouri (G. W. 
Far- 


Diorite-porphyry in the Ritter region, 
Calif. (H. D. Erwin), 399, 406 

Dispersion of glacial boulders in a boulder 
train (W. C. Krumbein), 590 

Distinctive landslide type, the Toreva-block 

(P. Reiche), 538 

District of Kenora (Patricia portion), 
Ontario, glacial Lakes Ponask and 
Sachigo (J. Satterly), 790 

Dolomites, Illinois limestones and, the clay 
minerals in (R. E. Grim, J. E 
Lamar, and W. F. Bradley), 829 

Down to earth. By C. Croneis and W. C. 
Krumbein. Review by A. C. Trow- 
bridge, 458 

Drag folding in California Coast Range 
(B. L. Clark), 296 

Drag folds in the Lincoln sill (J. M. Tre- 
fethen), 369 

Drainage lines in bas-relief (R. P. Miller), 
432 

Draper Mountain area, Virginia, the Price 
formation in the (B. N. Cooper), 
414 

Dynamic metamorphism of a pegmatite (J 
L. Lindner), 558 

Dyson, J. L. Snowslide striations, 549 


Zades, N. W. The geology of the Iramba 
Plateau. Review by Jean Grace, 
570 

‘arle, Kenneth W. The geological map: 
An elementary text book for stu- 
dents of geography and geology. 
Review by R. T. Chamberlin, 112 


ast African plateaus and rift valleys. By 

Bailey Willis. i T 

Chamberlin, 216 

Letter to the editor concerning 
Willis), 336 

ast Boulder plateau, Mont. (J. T 
et al.), 729 


Review by R 


w 


Rouse 


Economic geology of mineral deposits. 
By E. R. Lilley. Review by C. H. 
Behre, 564 

Elinvar, velocity of sound in (J. M. Ide), 
604 

Elk Glacier, Park Range (W. W. At- 

wood, Jr ), 123 








888 INDEX TO VOLUME XLV 


Emergence, a steeply sloping shoreline of, 
the marine cycle of erosion for a 
(W. C. Putnam), 844 


Emergent coastlines, classification of 
(F. P. Shepard), 603 
En echelon tension fractures, Sierra 


Nevada pluton (E. B. Mayo), 185 
‘ncampment Glacier, Park Range (W. W. 
Atwood, Jr.), 137 


o/ 


“ngineering geology. By H. Ries and 
T. L. Watson. Review by H. W. 


Straley, 568 


Mont. (J. T. 


Rouse ef 


“nos Mountain, 
al.), 724 


‘nvironment and nation. By G. Taylor 


Review by Jean Grace, 571 


/ 


Panama 


rocks of Los Santos, 
(D. F. MacDonald), 657 
sediments of Mississippi. By R. I 
Grim. Review by Jean Grace, 798 


Socene 


“rliuterung zur geologisch-morpholo 
gischen Ubersichtskarte des nord 
deutschen Vereisungsgebietes. By 
P. Woldstedt. Review by C. H. 
Behre, 462 


~ 


srosion, the marine cycle of, for a steeply 
sloping shoreline of emergence (W 
C. Putnam), 844 

surfaces, development and 

control of (W. S. Cole), 141 

“rosional modification of meanders by 
floods (W. S. Cole), 648 

<ruption of Mt. Pelée 1929 
By F. A. Perrett. 
G. F. Shepherd, 110 


structural 


1932, the 


Review by 


‘rwin, Homer D. Mesozoic geology of the 
Ritter region, Sierra Nevada, Cali 
fornia, 391 


‘vaporation as a factor in the adjustment 
of calcium bicarbonate solutions 

(A. Van Hook), 784 
Evidence of multiple glaciation in the north 
ern part of Yellowstone National 
Park (N. A. Miner), 636 





Exfoliation, hypogene, in rock masses (R 
Farmin), 625 
Experimental determination of the ve 


locity of sound in rocks and glasses 
(J. M. Ide), 690 

Experiments, a series of, folding of the 
California Coast Range type illus 
strated by (B. L. Clark), 296 


Explosive volcanism in southeastern Mis 
souri, preliminary notes on (G. W. 
Rust), 48 


Exponential curves, sediments and (W. C. 
Krumbein), 577 
Fan, alluvial, profile of (W. C. Krum- 
bein), 586 
Farmin, Rollin. Hypogene exfoliation in 
ock masses, 625 
Farmington anticline, Mo. (G. W. Rust 
51 
Fault pattern of the Sierra Nevada pluton 
(E. B. Mayo), 182 
scarp coast (F. P. Shepard), 617 
Faulting in California Coast Range (B. L. 
Clark), 296 
in the Livingston Peak area, Mont. 
(E. C. H. Lammers), 2 
in the Ritter region, Calif. (H. D. 
Erwin), 410 
in the Salmon River region, 
(R. A. Wilson), 196 
Faults of the Ceja area, N.M. (K. 
1 F. T. McCann), 818 
Fauna of the Price formation, Va. (B. N 
Cooper 425 
Fayetteville shale, concretions in the (A. W 
Giles and A. M. Jones), 


Felsschlipfe (Parry Reiche), 538 


"79 
/ 





Idaho 


Bryan 
ant 





Felsstiirtze (Parry Reiche), 538 
Fenner, C. N. A view of magmatic differ- 
entiation, 158 
Cited on diversification of 
rocks cz. » DeLury » 304 


igneous 

Fiord coastline (F. P. Shepard), 609 

Fish Creek glacier, Park Range (W. W 
Atwood, Jr ,» 130 

Fisher, D. J. Review of Gulf Coast oil 
fields: A symposium on the Gulf 
Coast Cenozoic, 573 

Review of Klockmann’s Lehrbuch 
der Mineralogie. By Paul Ram 
dohr, 345 
Review of Rutley’s elements of 

mineralogy. By H. H. Read, 348 

Fisher, Lloyd W. Review of An introduc 
tion to historical geology. By 
W. J. Miller, 799 

Fitzhugh, E. F. Treasures in the earth. 
Review by W. C. Krumbein, 349 

Flattop Mountain Glacier, Park Range 
(W. W. Atwood, Jr.), 135 

Flexures in Livingston Peak area, Mont. 
(EK. C. H. Lammers), 278 

Floods, 


modification of incised meanders 
(W. S. Cole), 648 

















INDEX TO VOLUME XLV 


Florule, a dicotyledonous, from the Trinity 


group of Texas (O. M. Ball), 528 
Flow structure in Lincoln sill, Me. (J. M. 
Trefethen), 362 
in the Sierra Nevada pluton (E. B. 
Mayo), 176 
Flows, basaltic lava, the formation of (A. E. 
Jones), 572 


/ 


Folding of the California Coast Range type 


illustrated by a series of experiments 
(B. L. Clark), 296 
in the Livingston Peak area, Mont 
(E. C. H. Lammers), 278 
of the Ritter region, Calif. (H. D. 
Erwin), 403 
Foliation of the Lincoln sill, Me. (J. M. 
Trefethen), 362, 365 
Foote, F., J. S. Vhay, K. P. Wilson, J. T. 


Rouse, and H. H. Hess. Petrology, 


structure, and relation to tectonics of 


porphyry intrusions in the Bear 
tooth Mountains, Montana, 717 
Formation of basaltic lava flows (A. FE. 
Jones » 072 
Formation thickness determinations, cross 
bedding and (C. S. Corbett), 80 
Formulas showing relation between cross 
bedding and normal bedding (C. S. 
Corbett), o1, 92 
Fossil algae from the Kundelungu series of 
Northern Rhodesia (B. E. Ashley), 
220 
ID € e . . . , 
content of the Price formation (B. N. 
Cooper), 425 
content of the Santa 
(K. Bryan and F. T 
Frebold, Hans. Geologie von Spitzbergen, 
der Bireninsel, des Kénig Karl 
und Franz-Joseph-Landes. Re 
view by L. M. Gould, 684 
Creek glacier, Medicine Bow 
Range (W. W. Atwood, Jr.), 115 
Creek 
sound in (J. M. 


Fe formation 
McCann), 807 


/ 


French 


norite, the 


Ide), 


French velo ity of 


708 
Gabbro-granophyre of Sudbury district, 
Ont. (T. C. Phemister), 9 
of Los Santos, Panama (D. F 
Donald), 6059 


Mac- 


Generation of magma (J. S. DeLury), 38 
Geneva formation in Indiana (D. G. Sut 
ton and A. H. Sutton), 320, 326 
Geological map, the: An elementary text 
book for students of geography and 
geology. By K. W. Earle. Review 
by R. T. Chamberlin, 112 


Gignoux, M. 


Giles, A. W., and A. M. Jones 





889 


1934 Re- 
Review 


Survey of British Guiana: 
ports; General Geology 
by Jean Grace, 575 

Géologie, la, et les mines des vieilles 
plateformes. By F. Blondel. Re 
view by Jean Grace, 350 

von Spitzbergen, der Bireninsel, des 
Kénig Karl- und Franz-Joseph 
Landes. By Hans Frebold. Re- 
view by L. M. Gould, 684 

stratigraphique. By M. Gignoux 
Review by Jean Grace, 569 

Geology and gold deposits of the Kona 

waruk. Review by Jean Grace, 575 

and gold deposits of the Potaro. Re- 
view by Jean Grace, 575 

of the Iramba Plateau. By N. W 
Eades. Review by Jean Grace, 576 

Vesozoic, of the Ritter region, Sierra 
Navada, California (H. D. Erwin 
391 

and mineral deposits of the Bay of 
Exploits area. By G. R. Heyl 
Review by Jean Grace, 461 

of the Minneapolis-St. Paul metro 
politan area. By G. M. Schwartz. 
Review by Jean Grace, 464 

Panama, contributions to (D. F 
MacDonald), 655 

of the southern half of the Bay of 
Islands igneous complex. By J. R 
Cooper. Review by Jean Grace, 
461 

the structural, of the Livingston Peak 
area, Montana (E. C. H. Lam 
mers), 265 

of the Tampico region, Mexico. By 
J M. Muir. Review by L. B. Kel 


lum, 339 


Geomorphology of the north flank of the 


Uinta Mountains. By W 
Bradley. Review by W. E. Powers, 
340 


Géologie stratigraphique. 
Review by Jean Grace, 569 
Concre 
tions in the Fayetteville shale, 204 


Glacial boulders in a boulder train, dis- 


persion of (W. C. Krumbein), 590 
control in classification of shorelines 
(F. P. Shepard), 602 
erosion as origin of 


Great Lakes 


basins (F. P. Shepard)’, 77 

Lakes Ponask and Sachigo, District of 
Kenora (Patricia portion), Ontario 
(J. Satterly), 790 

trough coastline (F. P. Shepard), 609 





890 


Glaciation, evidence of multiple, in the 
northern part of Yellowstone Na 
tional Park (N. A. Miner), 

Glac iers, records of Pleistocene, in the Medi 
cine Bow and Park ranges (W. W 
Atwood, Jr ), 113 


630 


Glasses, the velocity of sound in rocks and, 
as a function of temperature (J. M. 
Ide), 689 

Gneisses, sedimentary, of the Salmon River 
region near Shoup, Idaho (R. A 
Wilson), 193 

Gold Hill, Mont. (J. T. Rouse), 726 

Small granodioriti 

by additive 


Goodspeed, G. E. 
blocks formed 


mor phism, 741 


meta 


Gorgonopsian, the cranial morphology of a 
new (E. C. Olson), 511 

Gould, L. M. Review of Geologie von 

Spitzbergen, der Bireninsel, des 

Kénig-Karl und Franz-Joseph 

Landes. By Hans Frebold, 684 

Review of Amerikanische 


> 


Grace, Jean. 

Landschaft, 5 

Review of Asia: 
nomic geography. 
Stamp, 352 

Review of Atlas for the geology of 
Szechuan Province and eastern 
Sikang. By H. C. Tann and C. \ 
Lee, 350 

Review of Environment and nation 
By Griffith Taylor, 571 

Review of The Eocene sediments of 
Mississippi. By R. E. Grim, 79 

Review of Geological Survey of 
British Guiana: 10934 Reports; 
General geology, 575 

Review of La Géologie 
des vieilles plateformes. 
Blondel, 350 

Review of Géologie stratigraphique 
By M. Gignoux, 569 

Review of Geology and gold deposits 
of the Konawaruk, 575 

Review of Geology and gold deposits 
of the Potaro, 575 

Review of The Geology of the lLramba 
Plateau. By N. W. Eades, 576 

Review of Geology and mineral de 
posits of the Bay of Exploits area 
By G. R. Heyl, 461 

Review of The geology of the Min 
neapolis-St. Paul metropolitan 
area. By G. M. Schwartz, 464 


7 
A regional and eco 
By L. Dudley 


Q 


et les mines 
By F. 


Review of Geology of the southern 
half of the Bay of Islands igneous 
complex. By J. R. Cooper, 461 





INDEX TO VOLUME XLV 


Review of An island is born By 
N. D. Stearns, 576 

Review of Lehrbuch der Geologie 
Teil III: Geologische Lander 


kunde (Regionale Geologie). By 
F. X. Schaffer, 576 

Review of Our natural resources and 
their conservation. By A. E. Par 
kins and J. R. Whitaker, 570 

Review of Preliminary report on the 
gold deposits of the Virginia pied 
mont. By C. F. Park, 688 

Review of Stratigraphic classification 
of the Pennsylvanian rocks of 
Kansas. By R. C. Moore, 799 

Review of Structural evolution of 
Southern California. By R. D 
Reed and J. S. Hollister, 797 


/ 
Granite, republic, or 








J 


basement complex? 
(C. A. Lamey), 487 

n the Ritter region, Calif. (H 
Erwin), 402, 408 

the velocity of sound in (J M. Ide), 





Granites of Los Santos, Panama (D. F. 


MacDonald), 658 

Granites near Shoup, Idaho (R. A. 
Wilson), 195 

Granitization of sediments (C. N. Fen 
ner), 164 


Granitoid blocks in metamorphosed 
hornfels (G. E. Goodspeed), 748 


> 


Granodiorite, exfoliation in (R. Farmin 





626 
Granodioritic blocks, small, formed by ad- 
ditive metamorphism (G. E. Good 


speed), 741 
By Charles Davison 
Chamberlin, 574 


Great earthquakes 
Review by R. T 
Great Lakes basins, origin of (F. P. Shep 
ard), 70 
Gregory, G. K. 
Arizona (Parry Reiche 
Grim, Ralph Early. The 
ments of Mississippi 
Jean Grace, 798 
J. E. Lamar, and W. F. Bradley. The 
clay minerals in Illinois limestones 
and dolomites 


Grooving by snowslides (J. L 


Cited on landslides in 

542 

Eocene sedi 
Review by 


5290 

Dyson), 540 

Grundziige der Geologie und Lagerstit 
tenkunde Chiles. By J. Briiggen 
Review by C. H. Behre, 565 

Gulf Coast oil fields: A symposium on the 
Gulf Coast Cenozoic. Review by 
D. J. Fisher, 573 




















Gypsum concretions in Fayetteville shale 


(A. W. Giles and A. M. Jones), 210 


Hance, James H. The recent 
Black Rapids glacier, Alaska, 775 


/ 


Harker, A. Cited on diversification of 
igneous rocks (J. S. DeLury), 384, 
388 

Harrisburg erosion surface (W. S. Col 
I4I, 150 

Hawaii, eruption of Kilauea (A. E. Jones 
873 

Headward erosion in stream capture 


(1. B. Crosby), 467 

Heim, A. Cited on landslide types (P 
Reiche » 5385 

Hess, H. H., F. Foote, J. S. Vhay, K. P 
Wilson, and J. T. Rouse. Petrol 
truct 


ture, and relation to tectonics of 


arry 








p rpl ntri n im tie Bea) 
tool ntains, Montana, 717 

Heterogenei yf parent magn i. 3 
DeLury), 381 


Heyl, G. R. Geology and mineral de 
posits of the Bay of Exploits area 
Review by Jean Grace, 461 


Range (W. W 


Hinman Glacier, Park 
Atwood, Jr » 2a 


Hobbs, W. H. Peary. Review by R. T 
Chamberlin, 682 
Hollister, J S., and R. D. Reed. Struc 


tural evolution of Southern Cali 
fornia. Review by Jean Grace, 797 
Hornfels altered by 
morphism (G. E 
at Round Valley, Calif 
man), 864 
Horton, F. Cited on the rigidity modulus 
of silica glass J M. Ide), 701 
Howe, Henry V., et al 
geology of Cameron and Vermillion 
Review by D. C. Barton, 


additive meta 
Goodspeed 


743 
R. W. Chap 


Reports on the 


parishes 


109g 

Hubbert, M King Review of Introduc 
tion to theoretical seismology, 
Part | Geo ly namics By J B 


Macelwane, S. J., 686 

Hunt, W. F., L. S. Ramsdell, and FE. H 
Kraus. Mineralogy. Review by 
F. J. Pettijohn, 348 

Southern 

Lamey 


Huronian formations of the 
Complex, Mich. (C. A 
495 
sediments of the Canadian 
(R. T. Chamberlin), 673 


shield 


INDEX TO VOLUME XLV 


advance of 





SOI 


Hybridism as origin of the Lincoln sill 
(J. M. Trefethen), 376 

Hydrothermal metamorphism in hornfels 
(G. E. Goodspeed), 741 

Bancroft 

Fenner), 


Hypermetamorphism in the 
Haliburton area (C. N 
164 

Hypogene exfoliation in rock 
Farmin), 625 


masses (R. 


Ice erosin as origin of Great Lakes basins 
(F. P. Shepard), 77 
e, John M. The velocity of sound in rock 
and glasses as a function of tempera 
ture, O39 


Ii 


Igneous activity in northeastern Missouri 
(G. W. Rust), 48 
differentiation of (C. N. Fen 
ner), 158; (J. S. DeLury), 381 
rocks of Los Santos, Panama (D. F 
MacDonald), 658 
rocks of the Ritter 
(H. D. Erwin), 398 
rocks of the Sudbury Basin (T. C 
Phemister), 8 
Illinois limestones and dolomites, the clay 
minerals in (R. E. Grim, J. E 
Lamar, and W. F. Bradley), 829 


. ] 
rocks, 


region, Calif. 


Illite in clays from limestones and dolo 
mite from Illinois (R. E. Grim, 
J. E. Lamar, and W. F. Bradley), 
530 a 

Incised meanders, modification of, by floods 
(W. S. Cole), 648 7 a 

Independence Glacier, Park Range (W. 
W Atwood, Jr ), 136 

Indiana, southern, Middle Devonian of 

). G. Sutton and A. H. Sutton), 
320 

Insolation as an agent of exfoliation (R. 
Farmin), 630 

Insoluble rocks, underground methods of 
stream capture in (I. B. Crosby), 
470 

Internationaler Geologen und Mineralo 
gen Kalender. By Edmund Beyen 
burg. Review by D. C. Barton, 573 


Interpretative petrology of the igneous 
rocks. By H.L. Alling. Review by 
F. J. Pettijohn, 567 

Introduction, an, to historical geology. 
By W. J. Miller. Review by Lloyd 

W Fisher, 799 
to theoretical seismology, 
Geodynamics. By J. B 
wane, S.J. Review by 

Hubbert, 686 


Part I: 
Macel- 
M. King 








$92 


Intrusion of the Black Mountain leuco- 
granodiorite, Vt. (M. S. Church), 
765 
Intrusions, porphyry, in the Beartooth 
Mountains, Montana, petrology, 
structure, and relation to tectonics of 
(J. T. Rouse, H. H. Hess, F. 
Foote, 7, S. Vhay, and x. ¥F. 
Wilson), 717 
Intrusive, Lincoln sill, Me. (J. M. Tre 
fethen), 353 
rocks of the Ritter 
(H. D. Erwin), 398 
rocks of Round Valley, Calif. (R. W. 
Chapman), 862 
Trruptive, Sudbury, a review of the problems 
of the (T. C. Phemister), 1 
Island is born, an. By N. D. 
Review by Jean Grace, 576 


region, Calif. 


Stearns 


Jeffersonville limestone, Indiana (D. 
Sutton and A. H. Sutton), 320, 

Jemez fault, N.M. (K = 
McCann), 819 

Johnson, Douglas. Cited on classification 
of shorelines (F. P. Shepard), 602 

Cited on methods of stream capture 

(I. B. Crosby), 482 

Johnston, C. Stuart. Osteology of Bys 
machelys canyonensis, a new turtle 
from the Pliocene of Texas, 439 


Nevada 





Bryan and Ff 


patterns in the Sierra 

pluton (E. B. Mayo), 179 

Jointing in the Lincoln sill (J. M. Tre 
fethen), 368 

Jones, A. M., and A. W. Giles. Concre 
tions in the Fayetteville shale, 204 

Jones, Austin E. The formation of basaltic 

lava flows, 572 


Joint 


Jones, Dan J. Review of The Welsh 
borderland. By R. W. Pocock and 
T. H. Whitehead, 352 

Jutson, J. T. The physiography (geo 
morphology) of Western Australia. 
Review by F. C. MacKnight, 221 


Karroo system, S. Africa, an anomodont 
from (E. C. Olson), 851 

Keller, W. D., and C 
Coralloidal opal, to1 

Kellum, L. B. Review of Geology of the 
Tampico region, Mexico. By J. M 
Muir, 3390 

District of 


R. Swartzlow. 


Kenora, (Patricia portion), 


Ontario, glacial Lakes Ponask and 
Sachigo (J. Satterly), 790 





INDEX TO VOLUME XLV 


Keweenawan igneous activity, Ontario 
(T. C. Phemister), 3 
rocks of the Canadian shield (R. T. 
Chamberlin), 673 


". Jones), 873 





Kilauea eruptions (A. 

Killarnean age of granite of Southern 
Complex, Mich. (C. A. Lamey), 
503 

Killarney granites of the Canadian shield 
(R. T. Chamberlin), 677 

Kittatinny erosion surface (W. S. Cole), 
141, 150 

Klockmann s Lehrbuch der Mineralogie. 
By P. Ramdohr. Review by D. J. 
Fisher, 345 

Kraus, E. H., W. F. Hunt, and L. S. 
Ramsdell. Mineralogy. Review by 
F. J. Pettijohn, 348 

Krumbein, W. C. Sediments and expo- 
nential curves, 577 

Review of Les Roches sedimentaires 
de France—roches_ carbonatées 
(calcaires et dolomies). By Lucien 
Cayeux, 219 
Review of The Snellius Expedition, 


Vol. Il: Oceanographic results, 
Part Il: Soundings and bathy- 


metric charts. By P. M. Van Riel, 
220 

Review of Das Sonnwendgebirge im 
Unterinntal: Ein Typus alpinen 
Gebirgsbaues. By Franz Wihner, 
349 

Review of Treasures in the earth 
By E. F. Fitzhugh, 349 

Review of Wissenschaftliche Ergeb- 
nisse der deutschen atlantischen 
Expedition auf dem Forschungs- 
und Vermessungschiff ‘‘Meteor”’ 
1925-1927, 450 

and Carey Croneis. Down to earth. 
Review by A. C. Trowbridge, 458 


Labidosaurus Cope, a mounted skeleton of 
(E. C. Olson), 95 

Lake basins, glacial erosion in production 
of (F. P. Shepard), 76 

Lake Superior region, orogenies of (R. T. 
Chamberlin), 667 

Lakes Ponask and Sachigo, glacial, District 
of Kenora (Patricia portion), Ont- 
trio (J. Satterly), 790 

Lamar, J. E., R. E. Grim, and W. F. 
Bradley. The clay minerals in 
Illinois limestones and dolomites, 
829 

















INDEX TO VOLUME XLV 


Lamey, Carl A. Republic granite or base- 
ment complex? 487 

Lammers, Edward C. H. The structural 
geology of the Livingston Peak area, 
VU ontana, 268 

Landslide type, a distinctive, the 

block (P. Reiche), 538 

Peak, lava from (A. E. 

Jones , 875 

Laurence, Robert A. Sinkholes of the 
Cumberland Plateau, 214 

Laurential age of granite of the Southern 
Complex, Mich. (C. A. Lamey), 


Toreva 


Lassen flows 


503 
granites (R. T. Chamberlin), 667 
Lava Creek valley, Yellowstone Park 


(N. A. Miner), 637 

Lava flows, basaltic, the formation of (A. E. 
Jones , 872 

flows of Los Santos, Panama (D. F. 
MacDonald), 661 
tunnels (C. R. Swartzlow and W. D. 

Keller), 1o1 

Lee, C. Y., and H. C. Tann. Atlas for the 
geology of Szechuan Province and 
eastern Sikang. Review by Jean 
Grace, 350 

Lehrbuc h der Ge ologie, T eil II] 
gische Liinderkunde (Regionale 
Geologie). By F. X. Schaffer. Re 
view by Jean Grace, 576 

Letter to the editor (Bailey Willis), 336 

Leucogranodiorite, the Black Mountain, at 
West Dummerston, Vermont, a 
quantitative petrographic study of 
(M.S. Church), 763 


/ 


Geolo 


Lexington erosion surface (W. S. Cole), 
145, 149 

Libby glacier, Medicine Bow Range 
(W. W Atwood, Jr , IIs 


Economic geology of 
Review by C. H. 


Lilley, Ernest R. 
mineral deposits 
Behre, 564 

Limbs of Bysmachelys canyonensis (C. 5S. 
Johnston), 442 

Limestones and dolomites, Illinois, the 
clay minerals in (R. E. Grim, J. E. 
Lamar, and W. F. Bradley), 829 

of Los Santos, Panama (D. F. Mac- 
Donald), 657 

Limonite concretions in Fayetteville shale 
(A. W. Giles and A. M. Jones), 209 

Lincoln sill, the (J. M. Trefethen), 353 

Livingston Glacier, Park Range (W. W 

Atwood, Jr.), 132 


893 


Peak area, Montana, the structural 
geology of the (E. C. H. Lammers), 
208 
Lodgepole intrusive, Mont. (J. T. Rouse 
elal.), 721 
Loess, variation in thickness of (W. C 


Krumbein), 582 

Lone Pine Glacier, Park Range (W. W. 
Atwood, Jr.), 134 

Loomis, Frederic B. Physiography of the 
United States. Review by W. E. 
Powers, 685 

Los Angeles basin, drag folding in (B. L. 
Clark), 313 

Los Santos, Panama, geology of (D. F. 
MacDonald), 655 


McCann, F. T., and K. Bryan. The Ceja 
del Rio Puerco: A border feature of 
the Basin and Range Province in 
New Mexico. I: Stratigraphy and 
structure, 801 

MacDonald, Donald F. Contributions to 
Panama geology, 655 

B., S. J. Introduction to 
theoretical seismology, Part I: 
Geodynamics Review by M. 
King Hubbert, 686 

McGrew, Paul O. New marsupials from 
the Tertiary of Nebraska, 448 

Mackie, W 
(R. D 
228 

MacKnight, F. C. Review of The physi 
ography (geomorphology) of West 
ern Australia. By J. T. Jutson, 221 

McMasters, John H., and E. T 
Procedure in taxonomy 
by Carey Croneis, 344 

Mad Creek Glacier, Park Range (W. W. 
Atwood, Jr.), 125 

Vagma, parent, heterogeneity of (J. S. 
DeLury), 381 


Macelwane, J. 


Cited on wear of sand grains 
Russell and R. E. Taylor), 


Schenk. 
Review 


Magmatic differentiation, a view of (C. N. 
Fenner), 158 

Maine, the Lincoln sill in (J. M 
then), 353 

Mallott, C. Cited on static rejuvenation 
(W. S. Cole), 153 


Trefe 


Map, alluvial-plain coastline (F. P. 
Shepard), 613 

alluvial valley of the Mississippi 

River (R. D. Russell and R. E. 


Taylor), 236 











INDEX TO VOLUME XLV 


areal geologic, of area adjoining 
Coyote Ridge, Sierra Nevada 
(D. B. Mayo), 178 

areal geology of the Middle Devonian 
of southern Indiana (D. G. Sutton 
and A. H. Sutton), 324 

atoll, Marshall island (F. P. Shep- 
ard), 623 

Beartooth Mountains (J. T. Rouse 
et al.), 718 

Black Rapids glacier, Alaska (J. H. 
Hance), 776 

boundaries of Ontarian province of 
quartz-diabase (T. C. Phemister), 


4 

coast with offshore bar and longshore 
spit (F. P. Shepard), 622 

coast prograded by wave deposition 
(F. P. Shepard), 62 

coast straightened by building of 
bars across estuaries (F. P. Shep- 
ard), 621 

contour, of Lake Superior (F. P. 
Shepard), 86 

contour, of northern portion of Lake 
Michigan (F. P. Shepard), 87 

Coy Glen, N.Y. (W. S. Cole), 649 

fault-line coast (F. P. Shepard), 620 

fault-scarp coast (F. P. Shepard), 616 

fault-trough coast (F. P. Shepard), 
O17 

fiord coastline (F. P. Shepard), 611 

generalized areal, of southeastern 
Missouri (G. W. Rust), 52 

geologic, of Black Mountain, Vt. 
(M.S. Church), 764 

geologic, of the contact-metamorphic 
deposit of Round Valley, Calif. 
(R. W. Chapman), 861 

geologic, of northern portion of Ceja 
del Rio Puerco, N.M. (K. Bryan 
and F. T. McCann), 808 

geologic, of the Ritter region, Calif. 
(H. D. Erwin), 394 

geologic sketch, east of Toreva, 
Ariz. (Parry Reiche), 541 

geologic sketch, and profile of Five 
Houses Mesa, near Toreva, Ariz. 
(Parry Reiche), 544 

geology of the Livingston Peak area, 
Mont. (FE. C. H. Lammers), 27 

glacial features of Medicine Bow 
Range (W. W. Atwood, Jr.), 118 

glacial features of the Park Range 
(W. W. Atwood, Jr.), 126 

glacial-trough coastline (F. P. Shep- 
ard), 612 

hogback coastline (F. P. Shepard), 


iS) 


O19 


Illinois (R. E. Grim, J. E. Lamar, and 
W. F. Bradley), 831 

illustrating barrier beaches and 
estuaries (F. P. Shepard), 606 

illustrating dendritic estuary coast- 
line (F. P. Shepard), 609 

illustrating effect of emergence of 
California coastline (F. P. Shep- 
ard), 604 

index, of California (E. B. Mayo), 
171 

index, of Medicine Bow Range 
(W. W. Atwood, Jr ), 119 

index, of northeastern Arizona (Parry 
Reiche), 539 

index, of the Park Range (W. W. 
Atwood, Jr.), 127 

index, showing location of Draper 
Mountain, Va. (B. N. Cooper), 415 

index, showing location of Salmon 
River area, Idaho (R. A. Wilson), 
194 

lava-flow coast (F. P. Shepard), 615 

location of glacial deposits in Medi 
cine Bow and Park ranges (W. W 
Atwood, Jr.), 114 

location of Lincoln sill, Me. (J. M. 
Trefethen), 355 

Los Santos, Panama (D. F. Mac- 
Donald), 656 

mangrove coast (F. P. Shepard), 615 

north-central portion of Yellowstone 
Park (N. A. Miner), 637 

Nye Quadrangle, Mont. (J. T 
Rouse), 725 

partially submerged drumlins (F. P. 
Shepard), 614 

partially submerged moraine, Long 
Island (F. P. Shepard), 613 

pegmatite dike near Goudreau, Ont 
(J. L. Lindner), 559 

portion of Cucamonga, Calif., topo 
graphic sheet (W. C. Krumbein), 


597 

Sandy Hook (F. P. Shepard), 623 

showing angular pattern of estuaries 
(F. P. Shepard), 610 

showing basins associated with glacia 
tion in North America (F. P. Shep 
ard), 79 

showing basins associated with glacia 
tion in Northern Europe (F. P 
Shepard), 83 

showing faults of the Ceja area, N.M. 
(K. Bryan and F. T. McCann), 812 

showing granitic area of the Southern 
Complex, Mich. (C. A. Lamey 
489 

















INDEX TO VOLUME XLV 


showing lack of relation between 
earthquake belts and _ glaciated 
territory (F. P. Shepard), 84 

showing portions of Ohio, Penn- 
sylvania, and West Virginia (W. S. 
Cole), 143 

showing position of large mass of 
gabbro-granophyre to west of Sud- 
bury irruptive (T. C. Phemister), 8 

showing Rio Grande depression (K. 
Bryan and F. T. McCann), 802 

showing Tertiary and Quaternary 
fracture pattern of Sierra Nevada 
pluton (E. B. Mayo), 183 

showing Toreva-block near Toreva, 
Ariz. (Parry Reiche), 543 

sketch, of outcrop boundaries in 
Republic trough, Mich. (C. A. 
Lamey), 496 

sketch, showing structural trends in 
South Liberty area, Me. (J. M. 
Trefethen), 367 

southeastern Missouri, showing dia 
tremes (G. W. Rust), so 

southeastern Missouri, showing qua- 
quaversal drainage (G. W. Rust), 
55 

straightened seacoast in homogene- 
ous material (F. P. Shepard), 618 

structures of the Sierra Nevada plu- 
ton (E. B. Mayo), 173 

Stull Lake—Echoing River—Sachigo 
Lake area, Ont. (J. Satterly), 791 

tectonic, of the Los Angeles basin 
(B. L. Clark), 314 

volcanic-explosion coast (F 
ard), 616 

wave-eroded coastline (F. P 
ard), 621 

West Fork-Willow Creek area, Mont 
(J. T. Rouse et al.), 720 

wind-deposition coastline (F. P. 
Shepard), 614 

zone of intermediate material in the 
southwestern part of the Sudbury 
irruptive (T. C. Phemister), 18 

Marble at Round Valley, Calif. (R. W 

Chapman), 868 

Vermont, the velocity of sound in, 
(J. M. Ide), 710 

Marine cycle of erosion for a steeply sloping 

shoreline of emergence (W. C. Put 
nam), 544 

shorelines, revised classification of 
(F. P. Shepard), 602 


Marsupials, new, from the Tertiary of 
Nebraska (P. O. McGrew), 448 


P. Shep 


Shep- 


895 


Maturity of a steeply sloping shoreline of 
emergence (W. C. Putnam), 8409 

Mauna Loa, lava flows from (A. E. Jones), 
875 

Mayo, Evans B. Sierra Nevada pluton 
and crustal movement, 169 


Mead, W. J. Cited on experiments in fold- 
ing (B. L. Clark), 297 


Meanders, incised, modification of, by 
floods (W. S. Cole), 648 


Mechanics of deformation in Livingston 
Peak area, Mont. (E. C. H. Lam 
mers), 288 


Medicine Bow and Park ranges, records of 
Pleistocene glaciers in (W. W. At- 


wood, Jr.), 113 


Mesaverde formation in Arizona (Parry 
Reiche), 540 
Mesozoic geology of the Ritter region, Sierra 
Nevada, California (H. D. Erwin), 
3gI 
rocks in New Mexico (K. Bryan and 
F. T. McCann), 804 
Metamorphic rocks of the Ritter region, 
Calif. (H. D. Ritter), 393 
rocks of the Salmon River region, 


Idaho (R. A. Wilson), 197 


Metamorphism additive, small  grano 
dioritic blocks formed by (G. E. 
Goodspeed), 741 

of the Lincoln sill, Me. (J. M. 
Trefethen), 362 
of a pegmatite, the dynamic 
Lindner), 558 
near Round Valley, Calif. (R. W. 
Chapman), 863 


. L 


Metavolcanic rocks of the Ritter region, 
Calif. (H. D. Erwin), 393 

Methods of stream piracy (I. B. Crosby), 
405 

Michigan, Southern Complex of (C. A. 
Lamey), 487 

Micro-pegmatitic granite in the Ritter 
region, Calif. (H. D. Erwin), 402 


Middle Devonian of southern Indiana 
(D. G. Sutton and A. H. Sutton), 
320 


Miller, A. K. Type invertebrate fossils of 
North America (Devonian), Unit 
7b, Ammonoidea Review by 
Carey Croneis, 460 

Miller, Robert P. Drainage lines in bas- 

relief, 432 





896 


Miller, W. J. An introduction to historical 
geology. Review by Lloyd W. 
Fisher, 799 

Miner, Neil A. Evidence of multiple glacia- 
tion in the northern part of Yellow- 
stone National Park, 636 


Mineral analysis of the Black Mountain 
leucogranodiorite, Vt. (M.S. 
Church), 767 

composition of clays in limestones 
and dolomites from Illinois (R. E. 
Grim, J. E. Lamar, and W. F. 
Bradley), 835 

composition in relation to wear of 


sand grains (R. D. Russell and 
R. E. Taylor), 252, 259 
Mineralogy. By E. H. Kraus, W. F 


Hunt, and L. S. Ramsdell. Review 
by F. J. Pettijohn, 348 
of the Santa Fe formation (K. Bryan 
f and F. T. McCann), 814 
of the Sudbury irruptive (T. C. 
Phemister), 29 
Minerals, the clay, in Illinois limestones 
and dolomites (R. E. Grim, J. E. 
Lamar, and W. F. Bradley), 829 
Mississippi River sands, roundness and 
shape of (R. D. Russell and R. E 
Taylor), 225 
Mississippian Fayetteville shale, con 
H cretions in (A. W. Giles and A. M. 
f Jones), 204 
Price formation in Virginia (B. N. 
Cooper), 414 
Missouri, southeastern, preliminary notes 
on explosive volcanism in (G. W. 
Rust), 48 
Modification of incised meanders by floods 
(W. S. Cole), 648 
Mono volcanoes, Sierra 
Mayo), 184 
Montana, petrology, structure, and rela 
tion to tectonics of porphyry intru 
sions in the Beartooth Mountains, 
Montana (J. T. Rouse, H. H. 
Hess, F. Foote, J. S. Vhay, and 
K. P. Wilson), 717 
the structural geology of the Livingston 
Peak area (E. C. H. Lammers), 
208 


Nevada (E. B. 


Moore, R. C. Stratigraphic classification 


of the Pennsylvanian rocks of 
Kansas. Review by Jean Grace, 
799 

Morey, G. W. Cited an annealing Pyrex 


glass (J. M. Ide), 703 





Northern 


INDEX TO VOLUME XLV 


Mor phology, cranial, of a new gorgonopsian 
(E. C. Olson), 511 

Mount Ascutney boulder train, dispersion 
of boulders in (W. C. Krumbein), 
590 

Mount Zirkel Glacier, Park Range (W. 
W Atwood, Jr ), 134 

Vounted skeleton of Labidosaurus Cope 
(E. C. Olson), 95 

Muir, J. M. Geology of the 
region, Mexico. 
Kellum, 339 

Vultiple glaciation in the northern part of 
Yellowstone National Park (N. A. 
Miner), 636 

Muscovite in the Black Mountain leuco- 
granodiorite, Vt. (M.S. Church), 

Myology of Labidosaurus Cope (E. C 
Olson), 98 


Tampico 
Review by L. B. 


Nacimiento uplift, N.M., faulting related 
to (K. Bryan and F. T. McCann), 
824 

Nanodel phys minutus, new marsupial from 
Nebraska (P. O. McGrew), 452 

Nejd, drainage lines in bas-relief in (R. P. 
Miller), 432 


Nevin, C. M. Principles of structural 
geology. Review by H. W. Straley, 
568 


New gorgonopsian, the cranial morphology 
of a (E. C. Olson), 511 
marsupials from the Tertiary of Ne 
braska (P. O. McGrew), 448 
Mexico, a border feature of the Basin 
and Range Province in: The Ceja 
del Rio Puerco, 1: Stratigraphy and 
structure (K. Bryan and F. T. 
McCann), 8o1 
turtle from the Pliocene of Texas, 
osteology of Bysmachelys canyonen 
sis (C. S. Johnston), 439 
Newcomb Glacier, Park Range (W. W. 
Atwood, Jr.), 131 
Newport-Beverly shear zone, Calif. (E. B. 
Mayo), 188 


Norite, French ¢ 
sound in (J. 
Sudbury, the 

(J. M. Ide), 
Rhodesia, 


‘reek, the velocity o 

M. Ide), 705 

velocity of sound in 
700 Fs 

fossil algae from the 
series of (B. E., 


Kundelungu 
Ashley), 332 
Notes, preliminary, on explosive volcanism 
in southeastern 
Rust), 48 


(G. W. 


Missouri 














INDEX TO VOLUME XLV 


Obsidian, velocity of sound in (J. M 
Ide), 698 

Occipital region of Brachyprosopus broomi 
(E. C. Olson), 852 

Offshore bars, effect of, on emergent shore- 
lines (F. P. Shepard), 604 

Ogilvie, I. H. Cited on Lincoln sill (J. M. 
Trefethen), 354, 350, 371 

Old age of a steeply sloping shoreline of 
emergence (W. C. Putnam), 850 

Olson, Everett Claire. The cranial mor- 
phology of a new gorgonopsian, 511 

A mounted skeleton of Labidosaurus 
cope, 05 
The skull structure 

dont, 851 

Ontario, glacial Lakes Ponask and Sachigo, 
District of Kenora (Patricia por 
tion) (J. Satterly), 790 
coralloidal (C. R. Swartzlow and 
W. D. Keller), 10 

Oregon, additive metamorphism near the 
Coulter Tunnel, Cornucopia (G. E. 
Goodspeed), 74! 





anomo 


Opal, 





Origin of the Great Lakes basins (F. P. 
Shepard), 

Orogenic belts, shifting, of the southern 
Canadian shield. Studies for stu 





dents (R. T. Chamberlin), 663 

Orthoclase-microcline in the Black Moun 
tain leucogranodiorite, Vt. (M.S 
Church), 771 

Osage age of the Price formation, Va 
(B. N. Cooper), 427 

Osteology of Bysmachelys canyonensis, a 
new turtle from the Pliocene of 
Texas (C. S. Johnston), 439 

Our natural resources and their conserva 
tion. By A. E. Parkins and J. R. 
Whitaker. Review by Jean Grace, 
570 

versus underthrusting 

Lammers), 286 


Overthrusting 
(E. C.H 
Ozark dome, structure of (G. W. Rust), 51 
Pahoehoe flows (A. E. Jones), 873 
Palate of Brachyprosopus broomi (E. C. 
Olson), 852 
Paleozoic history of the Beartooth-Big- 
horn region, Mont. (J. T. Rouse et 
al.), 736 
rocks in New Mexico (K. Bryan and 
F. T. McCann), 804 
volcanism in southeastern 
(G. W. Rust), 48 


Missouri 





597 


Paluxy sand, a dicotyledonous florule 
from the (O. M. Ball), 528 


Panama geology, contributions to (D. F. 
MacDonald), 655 

Parent magma, heterogeneity of (J. S. De- 
Lury), 381 

Park, C. F. Preliminary report on the 
gold deposits of the Virginia 
piedmont. Review by Jean Grace, 
HS8S8 

Park ranges, Medicine Bow and, records 
of Pleistocene glaciers in the (W. W. 
Atwood, je.), 113 

Parker Strath (W. S. Cole), 155 

Parkins, A. E., and J. R. Whitaker. Our 


natural resources and their con- 
servation. Review by Jean Grace, 
57° 

Parks, W. A. Devonian stromatoporoids 
of North America. Review by 
Carey Croneis, 341 

Pasadenan orogeny, Calif. (W. C. Put- 
nam), 844 

(Patricia portion), Ontario, District of 
Kenora, glacial Lakes Ponask and 
Sa higo (J. Satterly), 79° 


Peary. By W. H. Hobbs. Review by 
R. T. Chamberlin, 682 

Pebble dikes, exfoliation in (R. Farmin), 
627 


Pebbles, beach, exponential curves ap- 
plied to (W. C. Krumbein), 579 

Pectoral girdle of Bysmachel ys canyonensis 
(C. S. Johnston), 440 

Pediments near Toreva, Ariz 
Reiche), 545 


(Parry 


Pegmatite, the dynamic metamorphism of a 
(J. L. Lindner), 558 

Pelvic girdle of Bysmachelys canyonensis 
(C.S. Johnston), 442 

Peneplains, correlation of (W. S. Cole), 
141 

Peratherium youngi, new marsupial from 
Nebraska (P. O. McGrew), 449 

Perrett, Frank A 
Pelée 


Shepherd, 110 


The eruption of Mt 
1929-32. Review by G. F 
Petrographic characters of diabase at 
Sudbury (T. C. Phemister), 5 
description of the Black Mountain 
leucogranodiorite, Vt. (M. S. 
Church), 768 
examination of coralloidal opal (C. R. 
Swartzlow and W. D. Keller), 106 


898 


notes on a metamorphosed pegma- 
tite (J. L. Lindner), 559 
study, a quantitative, of the Black 
Mountain leucogranodiorite at West 
Dummerston, Vermont (M. S. 
Church), 763 
Petrography of diatreme rocks of south- 
eastern Missouri (G. W. Rust), 63 
of hornfels altered by additive meta- 
morphism (G. E. Goodspeed), 745 
of the Lincoln sill (J. M. Trefethen), 
359 
Sudbury irruptive (T. C. Phemister), 
18 
Petrology, structure, and relation to tectonics 
of porphyry intrusions in the Bear- 
tooth Mountains, Montana (J. T. 
Rouse, H. H. Hess, F. Foote, J. S. 
Vhay, and K. P. Wilson), 717 
Pettijohn, F. J. Review of Interpreta- 
tive petrology of the igneous rocks. 
By H. L. Alling, 567 
Review of Mineralogy. By E. H. 
Kraus, W. F. Hunt, and L. S. 
Ramsdell, 348 
Phemister, T. C. A Review of the problems 
of the Sudbury irruptive, 1 
Physiographic history of the Yangtze. 
By G. B. Barbour. Review by 
R. T. Chamberlin, 222 
Physiography (geomorphology), the, of 
Western Australia. By J. T. Jut- 
son. Review by F. C. MacKnight, 
221 
of Los Santos, Panama (D. F. Mac- 
Donald), 655 
of shorelines of emergence (W. C. 
Putnam), 844 
of the United States. By F. B. 
Loomis. Review by W. E. Powers, 
685 
Pilares fault zone, N.M. (K. Bryan and 
F. T. McCann), 821 
Piracy, stream, methods of (1. B. Crosby), 
465 
Planation capture of 
Crosby), 468 
Plasteline as a material for pressure-box 
experiment (B. L. Clark), 300 


streams (I. B. 


Plastron of Bysmachelys canyonensis 


(C. S. Johnston), 445 
Pleistocene deposits in New Mexico (K. 
Bryan and F. T. McCann), 818 
glaciers, records of, in the Medicine 
Bow and Park ranges (W. W. At- 


wood, Jr.), 113 





INDEX TO VOLUME XLV 


Pliocene of Texas, a new turtle from the, 
osteology of Bysmachelys canyon- 
ensis (C. S. Johnston), 439 
Pluton in the Ritter region, Calif. (H. D. 
Erwin), 400 
Sierra Nevada, and crustal 
ment (E. B. Mayo), 169 
Pocock, R. W., and T. H. Whitehead. 
The Welsh borderland. By D. J. 
Jones, 352 
Ponask and Sachigo, glacial Lakes, Dis- 
trict of Kenora (Patricia portion), 
Ontario (J. Satterly), 790 
Porphyroblastic texture in metamor- 
phosed hornfels (G. E. Goodspeed), 
745 
Porphyry intrusions, petrology, structure, 
and relation to tectonics of, in the 
Beartooth Mountains, Montana 
(J. T. Rouse, H. H. Hess, F. Foote, 
J. S. Vhay, and K. P. Wilson), 717 
Post-Huronian granite of the Southern 
Complex, Mich. (C. A. Lamey), 
4g! 
Powers, William E. Review of Geo- 
morphology of the north flank of 
the Uinta Mountains. By W. H. 
Bradley, 346 
Review of Physiography of the 
United States. By F. B. Loomis, 
685 
Pre-Cambrian diabase, Sudbury irrup- 
tive (T. C. Phemister), 2 
fossils (B. E. Ashley), 332 
orogeny (R. T. Chamberlin), 663 
rocks in Maine (J. M. Trefethen), 
357 
rocks in New Mexico (K. Bryan and 
F. T. McCann), 804 
sediments of the Salmon River region 
Idaho (R. A. Wilson,) 203 
Preliminary notes on explosive volcanism in 
southeastern Missouri (G. W. Rust), 
48 
report on the gold deposits of the Vir- 


move- 


ginia Piedmont. By C. F. Park. 
Review by Jean Grace, 688 
Pressure box experiments in folding 


(B. L. Clark), 296; (E. C. H. Lam 
mers), 293 

Pre-Wisconsin glaciation, Medicine Bow 
and Park ranges (W. W. Atwood, 
Jr.), 121, 138 

in Yellowstone Park (N. A. Miner) 

636 

Price formation in the Draper Mountain 
area, Virginia (B. N. Cooper), 414 

















INDEX TO VOLUME XLV 


Primary origin of exfoliation lines (R. 
Farmin), 631 

Principles of structural geology. By C. M- 
Nevin. Review by H. W. Straley, 
568 

Probability in exponential 
(W. C. Krumbein), 600 

Problems of the Sudbury irruptive, a re- 
view of the (T. C. Phemister), 1 

Procedure in taxonomy. By E. T. Schenk 
and J. H. McMasters. Review by 
Carey Croneis, 344 


functions 


Proterozoic sediments in the Salmon 
River region, Idaho (R. A. Wil- 
son), 203 

Prowersose in Lincoln sill, Me. (J. M. 
Trefethen), 354 

Publications received, 224 

Putnam, William C. The marine cycle of 
erosion for a steeply sloping shore- 
line of emergence, 844 


Quantitative petrographic study of the Black 
Mountain leucogranodiorite at West 
Dummerston, Vermont (M.S. 
Church), 763 

Black Mountain leuco- 

S. Church), 


Quartz in the 
granodiorite, Vt. (M 
799 


Rabbit Ears Glacier, Park Range (W. W. 
Atwood, Jr.), 130 

Ramdohr, Paul. Klockmann’s Lehr- 
buch der Mineralogie. Review by 
D. J. Fisher, 345 

Ramsdell, L. S., E. H. Kraus, and W. F. 
Hunt. Mineralogy. Review by 
F. J. Pettijohn, 348 

Rate of adjustment of calcium bicarbonate 
solutions (A. Van Hook), 784 

Read, H. H. British regional geology: 
The Grampian Highlands. Re- 
view by R. T. Chamberlin, 881 

Rutley’s elements of mineralogy. 

Review by D. J. Fisher, 348 

advance of Black Rapids glacier, 

Alaska (J. H. Hance), 775 

deposits in New Mexico (K 

and F. T. McCann), 818 

Records of Pleistocene glac iers in the Medi- 
cine Bow and Park ranges (W. W. 
Atwood, Jr.), 113 

Recrystallization replacement, a process 
of hydrothermal metamorphism 

(G. E. Goodspeed), 762 


Recent 


Bryan 





899 


Red Canyon Glacier, Park Range (W. W. 
Atwood, Jr.), 132 

Red Lodge front, Mont. (J. T. Rouse et 
al.), 719 

Reed, R. D. Cited on California Coast 
Range (B. L. Clark), 297 

and J. S. Hollister. Structural evo 

lution of Southern California. Re- 
view by Jean Grace, 797 

Regional structure of the Bighorn Moun- 
tains (E. C. H. Lammers), 271 

Reiche, Parry. The Toreva-block 
tinctive landslide type, 538 

Relation to tectonics, petrology, Structure 
and, of porphyry intrusions in the 
Beartooth Mountains, Montana 
(J. T. Rouse, H. H. Hess, F 
Foote, J. S. Vhay, and K. P. Wil 
son), 717 

Replacement, recrystallization, a process 
of hydrothermal metamorphism 
(G. E. Goodspeed), 762 


a dis- 


Reports on the geology of Cameron and 
Vermillion parishes. By Henry V. 
Howe, R. J. Russell, J. H. Mc- 
Guirt, B. C. Craft, and M. B. 
Stephenson. Review by Donald C. 
Barton, 109 

Republic granite or basement complex 
(C. A. Lamey), 487 

Review of the problems of the Sudbury irrup- 
tive (T. C. Phemister), 1 

Revised classification of marine shorelines 
(F. P. Shepard), 602 

Rhodesia, Northern, fossil algae from the 
Kundelungu series of (B. E. Ash- 
ley), 332 

Ria coastlines (F. P. Shepard), 609 

Richey, J. E. British regional geology: 
Scotland: The Tertiary volcanic 
districts. Review by R. T. Cham- 
berlin, 881 

Ries, Heinrich, and T. L. Watson. Engi- 

neering geology. Review by H. W. 

Straley, 568 

dikes in differentiation 

(C. N. Fenner), 160 

Ritter region, Sierra Nevada, California 
Mesozoic geology of the (H. D. 
Erwin), 391 

River deposition coastline (F. P. 
ard), 611 


Ring problem 


Shep 
Roches sedimentaires de France, les 

roches carbonatées (calcaires et 
dolomies). By Lucien Cayeux. 
Review by W. C. Krumbein, 219 








goo 


Rock bursts and exfoliation (R. Farmin), 
632 

Creek Glacier, Medicine Bow 
Range (W. W. Atwood, Jr.), 121 
salient, Sierra Nevada (E. B. Mayo), 


177 


Rock 


Rocks and glasses, the velocity of sound in, 

as a function of temperature (J. M. 

Ide), O30 

Valley, California, the contract 

metamorphic deposit of (R. W. 

Chapman), 859 

Roundness and shape of Mississippi River 
sands (R. D. Russell and R. E. 
Taylor), 225 

Rouse, J. T., H. H. Hess, F. Foote, J. S. 
Vhay, and K. P. Wilson. Petrology, 
structure, and relation to tectonics of 
porphyry intrusions in the Bear- 
tooth Mountains, Montana, 717 


Round 


Russell, R. Dana, and Ralph E. Taylor 
Roundness and shape of Mississippi 
River sands, 225 
Rust, George W. Preliminary notes on 
explosive volcanism in southeastern 
Missouri, 48 
Rutley’s elements of 
H. Read. 


Fisher, 348 


mineralogy. By 
Review by D. FP 


Sachigo and Ponask, glacial Lakes, District 
of Kenora (Patricia portion), On- 
tario (J. Satterly), 790 

Salmon River region near Shoup, Idaho, 
sedimentary gneisses of the (R. A. 
Wilson), 193 

San Andreas rift (E. B. Mayo), 187 

San Joaquin section of the Sierra Nevada 
(E. B. Mayo), 172 

Sand Hill fault, N.M. (K 
*. T. McCann), 821 

Sands, Mississippi River, roundness and 
shape of (RK. D. Russell and R. E. 
Taylor), 225 


Bryan and 


Sandstone, the velocity of sound in (J. M. 
Ide), 707 

Santa Fe formation, N.M. (K. Bryan and 
I. T. McCann), 806 

Sapindopsis cooki Ball (O. M. Ball), 536 

Satterly, Jack. Glacial Lakes Ponask and 
Sachigo, District of Kenora (Pa 
tricia portion), Ontario, 790 

Saudi Arabia, bas-relief drainage in (R. P. 
Miller), 432 





INDEX TO VOLUME XLV 


Schaffer, F. X. Lehrbuch der Geologie, 
Teil III: Geologische Linder- 
kunde (Regionale Geologie). Re 
view by Jean Grace, 576 

Schenk, E. T., and J. H. McMasters 
Procedure in taxonomy. Review 
by Carey Croneis, 344 

Schooley erosion surface (W. S. 
141, 150 

Schwartz, G. M. The geology of the 
Minneapolis-St. Paul metropoli 
tan area. Review by Jean Grace, 
464 

Sedimentary environment of the Price 
formation, Va. (B. N. Cooper), 428 

gneisses of the Salmon River region 
near Shoup, Idaho (R. A. Wilson), 
193 

rocks of Los Santos, Panama (D. F. 
MacDonald), 057 

Sedimentology of the Santa Fe formation, 

; (K. Bryan and F. T. Mc« 
Cann), 810 

Sediments and exponential curves (W. C 
Krumbein), 577 


Cole), 


77 
at Round Valley, Calif. (R. W 
Chapman), 862 
Sellersburg limestone, Indiana (D. G. 
Sutton and A. H. Sutton, 320, 325 


Separation of clay minerals (R. E. Grim, 
J. E. Lamar, and W. F. Bradley), 
830 
Series of experiments, folding of the Cali 
fornia Coast Range type illustrated 
by a (B. L. Clark), 296 
Fayetteville, concretions in the 
(A. W. Giles and A. M. Jones), 
204 
Shales of Los Santos, 
MacDonald), 657 
of Mississippi River sands, round 
ness and (R. D. Russell and R. E. 
Taylor), 225 


Shale, 


Panama (D. F. 


Sha pe 


Shearing in the Lincoln sill (J. M 
Trefethen), 368 
Shepard, Francis P. Origin of the Great 
Lakes basins, 70 
Revised classification of marine shore 
lines, 602 


Shepherd, G. F. Review of The eruption 


of Mt. Pelée 19209 1932. By F.A 
Perrett, i10 

Shift zones in Livingston Peak area, 
Mont. (E. C. Lammers), 281 

















Shifting orogenic belts of the southern 
Canadian shield. Studies for stu 
dents (R. T. Chamberlin), 663 

Shoreline of emergence, a steeply sloping, 
the marine cycle of erosion for a 
(W. C. Putnam), 844 

Shorelines, marine, revised classification of 
(F. P. Shepard), 602 

Shoup, Idaho, sedimentary gneis of the 

Salmon River region near (R. A 

Wilson), 1093 

Nevada batholith, exfoliation in 

(R. Farmin), 626 

California, Mesozoic geology of th 
Ritter region (H. D. Erwin), 391 
pluton and crustal movement (E. B 

Mayo), 109 

Silica, effect of, on the ve locity of sound 
in glass (J. M. Ide), 704 

Silicates at Round Valley, Calif. (R. W 
Chapman), 865 

Sill, the Lincoln (J. M. Trefethen), 353 

Sills of diabase at Sudbury (T. ¢ 
ter), 4 

Sinkholes of the Cumberland Plat 
Laurence), 214 


Sierra 


Phemis 


Siyeh limestone, snowslide grooves on 


(J. L. Dyson), 549 
Skeleton, mounted, of Labidosaurus Cope 
(E. C. Olson), 95 
Skull of Bysmachelys canyonensis (C. S 
Johnston), 440 
of C yanosaurus longiceps (E Cc 


Olson), 512 
structure of a new anomodont (E. C 

Olson), 851 

Small granodioritic blocks formed by addi 
tive metamorphism (G. E. Good 
speed), 741 

Snellius Expedition, the, Vol. IT: 
graphic results, Part Il: Soundings 
and bathymetric charts. By P. M. 
van Riel. Review by W. C. Krum 
bein, 220 

Snowslide striations (J. L. Dyson), 549 

Soda Creek Glac ic r. Park Range (W W. 
Atwood, Jr.), 128 

Solenhofen limestone, the velocity of 
sound in (J. M. Ide), 710 

Soluble rocks, underground 
stream capture in (I 
474 

Sommerville erosion surface (W. S. Cole), 

I4I 


Oceano 


methods of 
B. Crosby), 


INDEX TO VOLUME XLV 





gol 


das: 
Gebirgsbaues. 
Review by 


Sonnwendgebirge im Unterinntal, 
Ein Typus alpinen 

By Franz Wiahner. 
W. C. Krumbein, 340 

Sound in rocks and glass¢ s, the veloc ity of, 

as a function of temperature (J. M 

Ide), 689 

\frica, an anomodont from (E. C 

Olson), 851 


South 


Southeastern Missouri, preliminary notes 
on explosive volcanism in (G. W. 
Rust), 48 

Southern Canadian shield, 

genic belts of the. j 

dents (R. T. Chamberlin), 663 

Indiana, Middle Devonian of (D. G. 

Sutton and A. H. Sutton), 32« 


shifting oro 


Studies for stu 


Sphericity in sand grains (R. D. Russell 
and R. E. Taylor), 2 


<O 


59 


Stalactites, lava (C. R. Swartzlow and 


W. D. Keller), 104 

Stamp, L. Dudley. Asia: A regional and 
economic geography. Review by 
Jean Grace, 352 

Static rejuvenation (W. S. Cole), 153 

Stearns, Norah D. An island is born. Re 
view by Jean Grace, 576 

(J. M. Ide), 694 

sloping shoreline of emergence, the 

marine cycle of erosion for a (W. C. 

Putnam), 844 

Stockdale, P. B. Cited on sinkholes in 
sandstone (R. A. Laurence), 214 

Straley, H. W. Review of Engineering 
geology. By H. Ries and T. L. 
Watson, 568 

Review of Principles of structural 

geology. By C. M. Nevin, 568 

Stratigraphic classification of the Penn 
sylvanian rocks of Kansas. By 
R. C. Moore. Review by Jean 
Grace, 799 


Steel, veloc ity of sound in 


Stee pl 


Stratigraphy of the Livingston Peak area, 
Mont. (E. C. H. Lammers), 270 
and structure. The Ceja del Rio 
Puerco: A_ border feature of the 
Basin and Range Province in Nex 
Vexico (K. Bryan and F. T. Mc- 
Cann), 801 
Stream abrasion in rounding of pebbles 
R. D. Russell and R. E. Taylor), 
control of erosion 
Cole), 154 


surfaces (W. S. 


go2 


erosion during floods (W. S. Cole) 
648 
piracy, methods of (1. B. Crosby), 465 
Striations, snowslide (J. L. Dyson), 549 
Structural control of erosion surfaces, de- 
velopment and (W. S. Cole), 141 
evolution of Southern California. 
By R. D. Reed and J. S. Hollister. 
Review by Jean Grace, 797 
features of Sudbury irruptive (T. C. 
Phemister), 17 
geology of the Livingston Peak area, 
Montana (E. C. H. Lammers), 268 
relations of diabase, Sudbury, Ont. 
(T. C. Phemister), 4 
Structure of the Alps. By L. W. Collet. 
Review by R. T. Chamberlin, 574 
of diatreme region in southeastern 
Missouri (G. W. Rust), 51 
of the Lincoln sill, Me. (J. M. 
Trefethen), 364 
petrology, and relations to tectonics of 
porphyry intrusions in the Bear- 
tooth Mountains, Montana (J. T. 
Rouse, H. H. Hess, F. Foote, J. S. 
Vhay, and K. P. Wilson), 717 
of the Ritter region, Calif. (H. D. 
Erwin), 402 
the skull, of a new anomodont (E. C. 
( )lson), 851 
and stratigraphy. The Ceja del Rio 
Puerco: A border feature of the 
Basin and Range Province in New 
Mexico (K. Bryan and F. T. 
McCann), 801 
Structures, internal, of the Sierra Nevada 
pluton (E. B. Mayo), 174 
Studies for students. Shifting orogenic belts 
of the southern Canadian shield 
(R. T. Chamberlin), 663 
Study, a quantitive petrographic, of the 
Black Mountain leucogranodiorite 
at West Dummerston, Vermont 
(M. S. Church), 763 
Subterranean capture of surface streams 
B. Crosby), 468 
Suce Creek window thrust, Livingston 
Peak, Mont. (E. C. H. Lammers), 
273, 291 
Sudbury irruptive, a review of the problems 
of the (T. C. Phemister), 1 
norite, the velocity of sound in (J. M. 
Ide), 706 
Summan caliche formation, Saudi Arabia 
(R. P. Miller), 434 
Surface methods of stream capture (I. B. 
Crosby), 469 


Tertiary faunas: 





INDEX TO VOLUME XLV 


Suspendritic drainage in Saudi Arabia 
(R. P. Miller), 438 

Sutton, A. H., and D. G. Sutton. Middle 
Devonian of southern Indiana, 320 

Sutton, D. G., and A. H. Sutton. Middle 
Devonian of southern Indiana, 32 

Swartzlow, C. R., and W. D. Keller. 
Coralloidal opal, 101 

Szadeczky-Kardoss, E. v. Cited on wear 
of sand grains (R. D. Russell and 
R. E. Taylor), 231 


Tactite at Round Valley, Calif. (R. W. 
Chapman), 865 

Tann, H. C., and C. Y. Lee. Atlas for the 
geology of Szechuan Province and 
eastern Sikang. Review by Jean 
Grace, 350 

Taylor, Griffith. Environment and na- 
tion. Review ,by Jean Grace, 57 

Taylor, Ralph E., and R. Dana Russell. 
Roundness and shape of Mississippi 
River sands, 225 

Technique of pressure-box experiments 
(B. L. Clark), 300 

Tectonics of porphyry intrusions in the 
Beartooth Mountains, Montana, 
petrology, structure, and relation to 
(J. T. Rouse, H. H. Hess, F. Foote, 
J. S. Vhay, and K. P. Wilson), 717 

Temperature, the velocity of sound in rocks 
and glasses as a function of (J. M. 
Ide), 6890 

A textbook for oil field 

paleontologists and students of 

geology, Vol. I: The composition of 

Tertiary faunas. By A. Morley 

Davies. Review by Carey Croneis, 

342 

of Nebraska, new marsupials from the 
(P. O. McGrew), 448 

rocks in New Mexico (K. Bryan and 

F. T. McCann), 805 

Tester, A. C. Cited on wear of sand 
grains (R. D. Russell and R. E. 
Taylor), 230 

Texas, a dicotyledonous florule from the 

Trinity group of (O. M. Ball), 528 

new turtle from the Pliocene of, 

osteology of Bysmachelys canyon 

ensis (C. S. Johnston), 439 


%) 


Thickness of loess, variation in (W. C. 


Krumbein), 582 


Thlaeodontinae, new marsupial from Ne- 


braska (P. O. McGrew), 452 


Tibet, orogeny in (R. T. Chamberlin), 665 

















Timiskaming sedimentary belt (R. T. 
Chamberlin), 670 

Tintic formation, exfoliation in (R. 
min), 627 


Far- 


Topography of the Salmon River valley 
(R. A. Wilson), I9g5 

Toreva-block—a distinctive landslide type 
(Parry Reiche), 538 

Treasures in the earth. By E. F. Fitz- 
hugh. Review by W. C. Krumbein, 
349 

Trefethen, J. M. The Lincoln sill, 353 

Trinity group of Texas, a dicotyledonous 
florule from the (O. M. Ball), 528 

Trowbridge, A. C. Review of Down to 
earth. By Carey Croneis and W.C. 
Krumbein, 458 

Tuffaceous rocks, pre-Santa Fe, N.M. 
(K. Bryan and F. T. McCann), 817 

Tunnels, lava (C. R. Swartzlow and W. D. 
Keller), 102 

Tuolumne complex, Sierra Nevada (E. B. 

Mayo), 174 

a new, from the Pliocene of Texas, 

osteology of Bysmachelys canyon- 

ensis (C. S. Johnston), 439 

Type invertebrate fossils of North Ameri- 
ca (Devonian) Unit 76, Am- 
monoidea. 


Turtle, 


By A. K. Miller. Re- 
view by Carey Croneis, 460 


Underground methods of stream capture 
(I. B. Crosby), 474 

Underthrusting versus  overthrusting 
(E. C. H. Lammers), 286 

Upland erosion surface (W. S Cole), 150, 


156 


Valley origin of Great Lakes basins (F. P. 
Shepard), 77 

Van Hook, Andrew. The rate of adjust- 
ment of calcium bicarbonate solu- 
tions, 784 

van Riel, P. M. The Snellius Expedition, 


Vol. Il: Oceanographic results, 
Part II: Soundings and bathy 
metric charts. Review by W. C. 


Krumbein, 220 
Varved clays of glacial Lakes Ponask and 
Sachigo, Ont. (J. Satterly), 790 
Velocity of sound in rocks and glasses as a 
function of temperature (J. M. Ide), 
0590 
Ventura, Calif., coastline (W. C. 
nam), 844 


Put- 


INDEX TO VOLUME XLV 





903 


Vermont marble, the velocity of sound in 
(J. M. Ide), 710 
a quantitative petrographic study of the 
Black Mountain leucogranodiorite 
at West Dummerston(M.S.Church), 
763 
Vertebrae of Bysmachelys 
(C.S. Johnston), 445 


canyonensis 


Vertebrate paleontology, skeleton of 
Labidosaurus Cope (E. C. Olson), 
95 

Vhay, J. S., K. P. Wilson, J. T. Rouse, 
H. H. Hess, and F. Foote. Petrol 
ogy, structure, and relation to te 
tonics of porphyry intrusions in the 
Beartooth Mountains, Montana, 717 

Vibrations in rocks, damping of (J. M 
Ide), 716 

Vickery, F. P. Cited on California Coast 
Range (B. L. Clark), 297 

View of magmatic differentiation (C. N. 
Fenner), 158 

Vinal Haven diabase, the velocity of 
sound in (J. M. Ide), 709 

Virginia, the Price formation in the Draper 
Mountain area (B. N. Cooper), 414 

Volcanic-explosion coast (F. P 
O17 

rocks of the Ritter region, 

(H. D. Erwin), 393 

Volcanism, explosive, in southeastern Mis 
sourt, preliminary notes on (G. W 
Rust), 48 

younger, associated 

Nevada pluton (E 


. Shepard), 


Calif. 


with Sierra 
B. Mayo), 182 


Waddell, H. Cited on wear of sand grains 
(R. D. Russell and R. E. Taylor), 
231 

Wiahner, Franz. Das Sonnwendgebirge 
im Unterinntal: Ein Typus al- 
pinen Gebirgsbaues. Review by 
W. C. Krumbein, 349 

Warping of peneplain surfaces (W. S. 
Cole), 156 

Watson, T. L., 
geology. 
568 


and H. Ries. Engineering 
Review by H. W. Straley, 


Wave-eroded coastline (F. P. 
021 
straightened coastline (F. P. 
ard), 620 
Welsh borderland, the. By R. W. Po- 
cock and T. H. Whitehead. Re- 
view by D. J. Jones, 352 


Shepard), 


Shep- 





go4 INDEX TO VOLUME XLV 


Wentworth, C. K. Cited on wear of sand 
grains (R. D. Russell and R. E. 
Taylor), 229 

Western Nevada shear zone (EF. B. Mayo), 
189 

Whitaker, J. R., and A. E. Parkins. Our 
natural resources and their con 
servation. Review by Jean Grace, 
57° 

Whitehead, T. H., and R. W. Pocock. 
The Welsh borderland. Review by 
D. J. Jones, 352 

Willis, Bailey. East African plateaus and 
rift valleys. Review by R. T. 
Chamberlin, 216 

Letter to the editor, 336 

Wilson, K. P., J. T. Rouse, H. H. Hess, 
F. Foote, and J. S. Vhay. Petrolo 
gy, structure, and relation to tec 
tonics of porphyry intrusions in the 
Beartooth Mountains, Montana, 717 

Wilson, Roy A. Sedimentary gneisses of 
the Salmon River region near Shoup, 
Idaho, 193 

Wind-deposition coastline (F. P. Shep 
ard), 617 

erosion in Saudi Arabia (R. P. Mil 
ler), 435 

Wisconsin glaciation in Medicine Bow and 

Park ranges (W. W. Atwood, Jr.), 


115, 123 


in Yellowstone Park (N. A. Miner), 


030 

Wissenschaftliche Ergebnisse der deut- 
schen atlantischen Expedition auf 
dem Forschungs- und Vermes- 
sungschiff ‘‘Meteor” 1925-1927. 
Review by W. C. Krumbein, 456 

Woldstedt, P. Erliuterung zur_ geo- 
logisch-morphologischen Uber- 
sichtskarte des nord-deutschen 
Vereisungsgebietes. Review by C. 
H. Behre, 462 

Wyoming, Pleistocene glaciation in the 
Medicine Bow and Park ranges 


(W. W. Atwood, Jr.), 113 


X-ray analysis of clay minerals (R. E. 
Grim, J. E. Lamar, and W. F. 
Bradley), 834 


Yellowstone National Park, evidence of 
multiple glaciation in the northern 
part of (N. A. Miner), 636 

Yosemite section of the Sierra Nevada 
(E. B. Mayo), 172 

Young’s modulus, dependent of rock 
structure (J. M. Ide), 713 


/ 


Youth of a steeply sloping shoreline of 
emergence (W. C. Putnam), 847 








fee 














il 


































Recently published COMPREHENSIVE INDEX 


OF THE PUBLICATIONS 
THE INTERMEDIATE ROCKS OF THE AMERICAN ASSOCIATION 


$4.50 OF PETROLEUM GEOLOGISTS 


Volume III of the four-volume series 1917-1936 


By DAISY WINIFRED HEATH 
A DESCRIPTIVE carnage Wein ON 
A.A.P.G. PUBLICATIONS INDEXED 


PETROGRAPHY OF THE (20 Years or Geotocy or On anv Gas) 

IGNEOUS ROCKS The Bulletin, Volume I to Volume XX 1917-1936 
Geology of Salt Dome Oil Fields (out of print) 1926 
Theory of Continental Drift (out of print) 1928 

By Albert Johannsen Structure of Typical American Oil Fields, Vol- 
ume I (out of print) oak haces 1929 

Structu: Typical Americ il Fields, 
Ready January Voleme He re _ 1929 
Volume IV. Part I. Tae Fe._pspatHomw Stratigraphy of Plains of Southern Alberta 1931 
Rocks Geology of California (out of print) 1933 
ar ° HE ERIDOTITES AND YROX- Geology of Natural Gas 1935 
ENITES Geology of the Tampico Region, Mexico "ae 

. Gulf Coast Oil Fields 193 

Already Published Structural Evolution of Southern California 1936 


Volume I. Inrropuction, TEexTuRgEs, 














. 382 pp. Free to bers. Non bers, individuals, 
CLASSIFICATIONS, AND GLOSSARY companies, and institutions may buy copies at $3.00, 
$4.50 postpaid. 
Volume II. Tue Quarrz-Bearine Rocks 
* $5.50 THE AMERICAN ASSOCIATION 
OF PETROLEUM GEOLOGISTS 
The University of Chicago Press Box 979, Tusa, Ox.anoma, U.S.A. 























——-- 


THE JOURNAL of GEOGRAPHY 


Official Organ of the National Council of Geography Teachers 
Edited by Grorcr J. Miter, State Teachers College, Mankato, Minnesota 


This magazine, monthly for the school year, is devoted to the constant improvement 
in the teaching of geography. Every teacher of this subject will find aid both as to 
content and method. 


CONTENTS OF A TYPICAL ISSUE 








The Leipzig Trade Fairs - - - - - - = = - = Eugene Van CLEEr 
The Attributes of Place - - - - - - - = - = W.Etmer Exsitaw 
The Life-Giving Dead Sea - © = = = « -« «= = © Eh. Ray Canzo 
Alaska-Yukon: Unique Adjustments Yet Unsung - - - - C. Currron Arp 
Off the Beaten Path to Chihuahua, Mexico- - - - - - - Atrrep Crorts 


Subscription price $2.50 a year. Sent free with membership to the National Council 
of Geography Teachers. Annual dues $2.00. 


Published by 


A.J. NYSTROM & CO. 


3333 ELSTON AVENUE CHICAGO, ILLINOIS 




















eens 





Revue de Géologie 


et des Sciences Connexes 


Review of Geology Rassegna di Geologia 
and the connected Sciences e delle Scienze affini 


Rundschau fiir Geologie 
und verwandte Wissenschaften 


Organe publié mensuellement avec le concours de la Fondation Universitaire 

de Belgique, sous le patronage de la Société Géologique de Belgique, avec la 

collaboration de plusieurs Services Géologiques nationaux, de nombreuses In- 
stitutions Scientifiques et de géologues de tous les pays du monde. 

Secrétariat général de la REVUE DE GEOLOGIE: Institut de Géologie, 

Université de Liége, LIEGE (Belgique). 

La REVUE DE GEOLOGIE est par excellence la REVUE DES REVUES 
GEOLOGIQUES; elle ne poursuit aucun but commercial, mais elle entretient la 
plus cordiale collaboration entre géologues de tous pays; ‘elle publie des résumés 
trés objectifs de leurs travaux et organise des échanges de documents entre ses 
abonnés. 

Souscriplion au vol. XVII: 35 belgas. 
chez M. G. TIBAUX, Trésorier de la REVUE DE GEOLOGIE, 35, rue des Ar- 
muriers, Liége (Belgique), ou chez votre Libraire habituel. Spécimens gratuits. 


| a ee 

















Verlag von Gebriider Borntraeger in Berlin und Leipzig 





Einfahrung im die Geologie, ein Lehrbuch der inneren Dynamik, 
von Professor Dr. H, Cloos. Mit 1 Titelbild, 3 Tafeln und 356 Textabbil- 
dungen (XII und 503 Seiten) 1936 Gebunden RM 24.— 


Das Buch will den tiberreichen Forschungsstoff der letzten Jahrzehnte 80 peeps 
dass sich auch Fernerstehende von dem Bau, stofflichen Z etzr 
den Bewegungsvorgangen in der Kruste unseres Planeten ein Bild machen konnen. 
it Srermene Ooms Sueroll Sete Siny Tt etuachen Soe ees Seen ee Stee eee 
den. tatsdchlichen B pf dle: rary bet threr geda: gedanicichen Aurseriung. 
Auf die Interessen der Prazis ergbaus, ist tberall Bezug men, 
die Verbindung mit dem tera a nach M Solichta aubeedép Buch 
auch den nicht mit gelehrtem Ge seheletas Windaatie Gattnce ides aan, 
gpa ere agg aha Teilen der Erde, nicht zuletet aus Skandinavien, 
Indien, Nordamerika und sec soe Aber Deutschland und seine friiheren aussereuro- 


Besitzungen sind bevorzugt. 
Fir den Mag sr act” ana oy Novela bupbasrnod ier acegy ath cong, om Er 
versucht, die Stongmn, Meswsokiongen wel Seek Roe OR 
Kreisliufe, Abstauungen, Eniwicklungen usw.), und alle age sent 
—, wissen als Pflastersteine in einer Strasse eur eines letzten, zentralen 

der Gesamterde. saan in diesem P. ages uberkleistert, 
sondern deutlich umschrieben. Buch will nicht nur in seinem Stoff ein 
dynamisches sein. 


Ausfihrliche Einzelprospekte kostenfrei 

















7076 41 








